Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


1 1 


A  GUIDE 


TO  THE 


CLINICAL  EXAMINATION 


OF 


THE  BLOOD 


FOR  DIAGNOSTIC  PURPOSES 


BY 

RICHARD  C.  CABOT,  M.D. 


^/^ 


WITH  COLORED  PLATES  AND  ENGHAVI^GS 


f  ourtb  1{ept0e&  Coition 


NEW   YORK 
WILLIAM   WOOD   AND  COMPANY 

MrK'CC'CI 


^  » 


•       *  *  *     -- 


Cnrnnoirr,  1001. 
BT  WnXUM  WOOD  AND  COMPAKT. 


•  •  • 


•  •  • 


TO 

WILLIAM  SIDNEY  THAYER,  M.D., 

AfleOOIATB   PR0FI880B    OF   MKDICIlfB    IN  JOBMB 

HOPKINS   rNxwRsmr, 

IN  OBATEFUL  BEOOONITION  OF  THE  STANDARD  OF  THOBOUOH 

WORK  ESTABLISHED  BY  HDL 


8.*^958 
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This  book  becomes  with  each  succeeding  edition  more  indebted 
to  the  labors  of  the  internes  of  the  Massachusetts  General  Hospital 
and  less  my  book.  Of  the  twelve  thousand  observations  on  which 
it  is  now  basedy  less  than  thi*ee  thousand  represent  my  own  work. 
The  remainder  I  owe  to  the  generosity  of  the  visiting  physicians  of 
the  hospital  and  to  the  zeal  and  skill  of  their  internes.  As  the  de- 
tails of  the  technique  employed  have  been  substantially  the  same 
throughout  the  whole  body  of  data,  they  form  a  single  group  su- 
perior in  bulk  and  in  detail  to  any  elsewhere  recorded.  Our  twenty- 
eight  hundred  observations  in  one  thousand  cases  of  typhoid  fever 
are  an  example  of  the  wealth  of  statistical  data  on  which  the  cou- 
chisions  of  the  book  are  based. 

The  text  has  been  almost  entirely  rewritten.  The  section  on 
serum  diagnosis  has  been  abridged  and  the  table  of  contents  abbre- 
viated so  that  in  spite  of  so  many  pages  of  new  matter  the  book  is 
not  greatly  increased  in  size.  The  most  extensive  changes  are  in 
the  sections  on  pernicious  anaemia,  leukaemia,  typhoid  fever,  and 
the  diseases  due  to  animal  parasites.  I  have  profited  largely  from 
the  magnificent  work  of  A.  E.  Taylor  on  leukaemia,  the  extensive 
observations  on  typhoid  analyzed  by  Thayer,  and  Ewing's  studies 
in  malarial  parasitology. 

190  Marlborough  Street,  Boston. 
Augutt,  1901. 
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BOOK  I. 


INTRODUCTION. 


SCOPE  AND  VALUE  OP  BLOOD  EXAMINATION. 

HjEMATolooy  has  now  established  for  itself  a  definite  field  of 
usefulness  in  the  practice  of  medicine.  It  has  solved  some  prob- 
lems where  least  was  hoi>ed  from  it,  and  given  us  disappointingly 
little  help  where  great  expectations  had  been  aroused.  We  might 
have  exi)ected  from  it  some  light  on  the  nature  of  rheumatism,  fu- 
runculosis,  ursemia,  diabetes,  but  none  has  com^. 

On  the  other  hand,  who  could  have  hoped  that  it  would  hel})  ua 
in  the  diagnosis  of  central  pneumcmia,  of  deep-seated  suppurations, 
and  of  trichinosis,  or  in  the  prognosis  of  relapsing  fever  or  of  pneu- 
monia? 

There  are  probably  not  more  than  five  or  six  diseases  in  which 
the  blood  examination  gives  us  the  diagnosis  ready-made,  but  there 
is  a  very  considerable  number  of  conditions  in  which  the  blood  ex- 
amination will  help  us  to  make  it.  Not  pathognomonic  signs,  but 
links  in  a  chain  of  evidence  are  what  we  are  to  expect  from  blood 
examination.  Very  often  the  simple  discovery  that  the  blood  is 
normal  may  be  a  fact  of  the  greatest  value  in  diagnosis. 

On  the  whole  it  seems  to  me  that  the  examination  of  the  blood 
gives  evidence  similar  in  kind  and  not  much  inferior  in  value  to 
that  obtained  by  examination  of  the  urine.  Both  methods  of  ex- 
amination give  us  (a)  a  ready-made  diagnosis  in  a  few  diseases ;  (/>) 
side  lights  on  a  good  many  obscure  conditions;  and  (r)  the  fre- 
quently great  assistance  of  a  negative  report.  In  certain  wards  of 
the  Massachusetts  General  Hospital  it  has  been  for  some  years  the 
rule  to  examine  the  blood  of  every  patient  as  a  matter  of  routine 
at  the  time  of  entrance.  In  a  small  proi)ortion  of  cases  this  gave 
negative  evidence  only ;  in  a  much  larger  proportion  it  materially 
assisted  in  the  making  of  a  diagnosis. 

Improvements  in  technique  have  lessened  the  labor  and  increas<Ml 
the   accuracy  of  blood  examination.     The   most    iini)()rtant  facts 
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about  the  blood  of  nearly  every  ease  can  be  obtained  by  a  practised 
observer  in  fifteen  minutes. 

The  blood  is  the  only  tissue  that  we  can  study  easily  during  the 
life  of  the  patient.  Its  relations  to  all  other  tissues  are  such  that 
it  is  typical  of  them  all  in  a  way  that  no  other  tissue  is,  acting  on 
all  and  being  acted  on  by  all.  As  yet  we  have  studied  chiefly  its 
morphology,  and  from  that  single  aspect  obtained  most  of  the  clini- 
cally valuable  information  which  we  possess  about  it.  But  the 
field  of  the  blood  chemistry  is  in  many  respects  even  more  promis- 
ing at  the  present  time,  and  there  seems  reason  to  believe  that  the 
study  of  the  blood  is  still  in  its  infancy  and  will  take  a  higher  place 
in  the  future  as  an  aid  to  diagnosis,  ])rognosis,  and  treatment. 

Like  all  methods  of  physical  examination  it  has  especial  useful- 
ness when  we  cannot  communicate  with  a  patient,  either  by  reason  of 
his  unconsciousness,  stupidity,  or  insanity,  or  because  he  speaks  no 
widely  used  language.  In  such  cases  the  detection  of  marked  anae- 
mia, leu(*ocytosis,  eosinophilia,  a  typhoid  serum  reaction,  or  a  mal- 
arial organism  may  be  of  great  assistance.  Malingering  is  made 
more  difficult  by  it,  and  in  the  differentiation  of  organic  from  func- 
tional disease  it  is  often  very  helpful.  There  is  no  febrile  disease 
on  which  it  may  not  throw  light. 

The  evidence  for  these  and  many  other  aids  furnished  by  the 
blood  examination  in  clinical  work  is  given  in  the  later  chapters  of 
this  work. 
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METHODS     OF    CLINICAL     EXAMINATION     OF 

THE  BLOOD. 


CHAPTER  I. 


Confining  ourselves  to  the  clinically  available  processes  by 
'which  we  can  gain  information  of  diagnostic  or  prognostic  value, 
blood  examination  at  the  present  time  embraces  the  following  proc- 

1.  Estimation  of  the  total  volume  of  the  blood  and  of  its  oxygen 
capacity. 

2.  Examination  of  the  fresh  blood  (with  or  without  a  warm 
stage). 

3.  Counting  the  red  and  the  white  corpuscles. 

4.  Estimation  of  the  amount  of  coloring  matter. 

5.  Examination  of  dried  and  stained  specimens. 

6.  Bacteriological  examination  of  the  blood. 

7.  Examination  of  the  serum.' 

8.  Estimation  of  the  coagulation  time. 
Less  important  are  ; 

9.  Estimation  of  volume  of  corpuscles  and  of  plasma  in  a  given 
quantity  of  blood. 

10.  Estimation  of  the  specific  gravity  of  the  blood. 

11.  Estimation  of  the  number  of  blood  plates. 

12.  Estimation  of  the  amount  of  fibrin. 

To  describe  these  processes  in  detail  is  the  purpose  of  the  next 
chapters. 

I.    Estimation  of  the  Total  Volume  or  Mass  of  Blood. 

Until  the  present  year  the  determination  of  the  total  mass  of  the 
blood  has  been  practically  beyond  our  reach,  and  our  blood  exami- 
nations have  dealt  wholly  with  small  **  samples  "  drawn  from  the 

'  Set*  Clmpter  xiii.  of  Book  11. 
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periphery  aiul  treated  us  typical  of  the  rest  without  regard  to  i 
possible  variations  in  the  totMl  aiiiuuiit  of  blood  in  the  veiukilx. 

Hut  recently  Haldaiie  and  Smith,  in  three  important  and  i 
vsting  paptTs, '  huvi-  Kuggi-8t«d  and  applied  a  uiethud  which,  if  itfl 
atandn  the  test  of  tiine  and  criticisni,  will  add  very  materially  tof 
our  knowledge  of  blood  physiolngy  and  liluwl  pathoto]^. 

The  essential  features  of  thk'ir  method  are  as  follows : 

1.  The  patient  inhales  a  measured  volume  of  CO  (a  harmleail 
and  not  unpleasant  process).     After  two  or  three  minutes  a  feU 
drops  csf  blood  are  taken  for  analysis   and  the  perc«ut^^  to  whidll 
the  hemoglobin  has  become  ttaturated  with  ctirbouic  oxide  is  estiH 
mated  (by  tlie  carmine  methiHl,  see  refer<>nee  at  foot  of  page). 

2.  Knowing  the  amount  of  (_'(J  inhaled,  aud  the  degree  in  which 
tlie  1)1o<h1  han  bee^ime  saturated  by  this  known  amount,  the  ([uaiitJty 
of  CO  capable  of  being  taken  up  by  the  whole  of  that  patient's    i 
bliKKl  can  l>e  i^almilati'd.     Thus,  sup^Kising  that  the  volume  of  n 
bonic  oxide  delivered  was   l<iO  <-.<;.,  and  that  the  blooil  wan  twen^v 
five  [)er  cent  saturated,  it  is  obnuus  that  the  blood  would  have  h 
one   hundred   jier  c<'nt  saturated   by  (iOO  c.c.     Its  total  capari^ 
for  fX)  (or  for  i>xygen)  is  (lOO  c.c. 

3.  How  then  shall  we  connect  this  estimate  of  total  ori/ija 
mprKttr/  with  the  lUiUimv  of  the  blood  ?  In  a  previous  research  thai 
writers  showed  tltat  the  oxygen  i'«paeity  |»er  100  c.r.  of  any  giveaj 
sample  of  blood  can  bo  accurately  estimated  by  comparing  its  n 
with  the  color  of  an  equal  sample  of 'u  IiIihmI  whose  capaeity  for 
oxygen  has  been  previously  determined.  For  example,  a  patient 
hanug  alwnrl>ed  100  r.c.  of  CO,  it  la  found  that  his  blood  is  one-fifth 
saturated  by  this  gas.  The  tntnl  capacity  for  Cl>  (and  so  for  oxy- 
gen) is  therefore  500  e.c.  But  further,  the  jtatient's  bhiml  is  found 
to  have  the  same  color  as  an  ox's  blood  every  100  c.c.  of  which 
haa  been  previously  determined  to  lie  ca|)alile  of  taking  up  20  c.c. 
of  oxygen.  The  i«»tient"s  total  oxygen  capacity  (500  cc)  divided 
by  tlie  oxygen  capacity  of  ei-ery  100  c.e,  of  his  blood  (20)  gives  us 
2B.  This  figure  is  then  the  numlier  of  hundreds  of  cubic  centi- 
metres of  blood  iji  his  body— 2,500. 

Smith  ban  now  applied  this  method  t*)  over  one  hundred  cases, 

and  found  it  to  produce  no  appreciable  ill-effects  on  tlie  patient. 

As  the  result  of  these  studies,  he  estimates  the  average  voliuue  of 

'1.  Jounuil  of  fliyniulu^y.  x\ii..  p,  283,     3.  Jiiurtml  i>f  PliysiuliirEy.   p. 

XXV..  SSI.    8.  TransHotiuas  ul  the  PaUuilogftsl  Hoclcly.  1900.  vol.  II. 
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blood  in  health  as  3,240  c.c.  or  3,420  gm.  The  latter  figure  is 
obtained  by  means  of  the  average  specific  gravity  of  normal  blood 
(taken  as  1.055).  In  the  fourteen  normal  cases  studied  the  blood 
mass  varied  from  2,830  to  4,550  gm.  or  ^  to  ^  the  body  weight, 
but  was  never  as  large  as  had  previously  been  estimated  (^V)* 

In  chlorosis.  Smith  found  that  the  apparent  diminution  in  hae- 
moglobin was,  in  fact,  due  to  the  great  increase  in  the  plasma  of 
the  blood  (serous  plethora)^  the  total  oxygen  capacity  or  haemoglobin 
remaining  normal.  In  pernicious  anaemia,  on  the  other  hand,  the 
amount  of  plasma  is  sometimes  increased  and  sometimes  dimin- 
ished, but  the  oxygen  capacity  or  haemoglobin  is  always  low.  These 
observations  will  be  referred  to  again  later  (see  p.  131). 

II.  Examination  op  the  Fresh  Blood. 

(a)  Puncture, — In  all  the  processes  about  to  be  described  (ex- 
cept the  bacteriological  examination)  the  first  step  is  as  follows : 

Gently  cleanse  the  lobe  of  the  patient's  ear  with  a  damp  cloth 
and  then  dry  it.  All  vigorous  rubbing  or  kneading  is  to  be  avoided. 
Attempts  to  sterilize  the  skin  or  to  cleanse  it  with  alcohol  and  ether 
are  a  waste  of  time.  A  small  lancet  or  a  bayonet-pointed  surgical 
needle  may  be  used ;  a  sewing  needle  gives  more  pain  and  draws  less 
blood  from  a  given  depth  of  puncture.  A  steel  pen,  with  one  nib 
broken  off,  makes  a  good  lancet.  The  needle  need  not  be  sterile. 
In  several  thousand  blood  counts  made  at  the  Massachusetts  Gen- 
eral Hospital  since  1893  the  needles  have  never  been  sterilized  and 
no  signs  of  sepsis  have  been  seen  in  any  case. 

Possibly  this  is  due  in  part  to  the  fact  that  the  next  step  in  the 
process  after  the  puncture  has  been  made  is  always  to  wipe  away 
four  or  five  successive  drops  as  they  emerge.  This  serves  not  only 
to  get  the  blood  flowing  freely,  but  also  to  wash  the  ear  in  its  own 
blood. 

The  puncture  is  best  made  into  the  lower  surface  or  edge  of  the 
lobe,  which  is  steadied  with  the  fingers  of  the  left  hand.  A  very 
quick  stroke  gives  least  pain,  the  hand  rebounding  like  a  piano 
hammer.  If  the  skin  of  the  lobe  is  stretched  tight  with  the  fingers 
of  the  left  hand  so  that  no  "  give  "  is  possible,  the  quick  puncture 
gives  hardly  any  pain.  I  have  repeatedly  taken  blood  from  a 
sleeping  child  without  waking  it.  What  hurts  the  patient  is  the 
mistaken  tenderness  that  slowly  7>r^,9«f?5  the  needle  through  the  skin. 
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The  puiioture  must  be  deep  euough  to  makt^  the  blood  flow  freely  1 
and  without  pressure,  after  it  is  once  started  by  pressiug  out  a  few  J 
dropi)  Blood  squeezed  out  with  pressui-e  should  uever  be  used  fot  I 
oountint;,  aa  it  may  tie  (-oiisiderably  diluteil  with  fluid  pressed  oufrfl 
of  the  neighboring  tissues.  If  the  skin  is  moderately  thin  atid  t 
pat  easily  made  hj'peneuiio,  a  puuuture  one-eighth  of  an  lueh  deeps 
is  sufficient  With  thick,  blootliess  skin  it  may  be  necesaary  to  g 
in  onp-quarter  or  oiie-tliinl  of  an  inch — never  more,  lievnrf  ^\ 
bUfitrr*.  I  have  seen  bleeding  from  a  puncture  made  for  a  blood'1 
oount  which  could  not  be  checked  for  three-quarters  of  an  hour.  Vt  I 
is  atwayH  safer  to  ask  after  a  history  of  heemophilia  as  a  matter  of  J 
loatiiie  before  taking  blood,  just  as  one  asks  aft«r  false  teeth  befoml 
ritherixiug.  If  there  is  a  history  of  hemophilia,  a  mere  touch  oiM 
thi"  needle  point  will  give  ns  all  the  blood  we  need  without  embar-J 
nuising  us  with  a  troublesome  hemorrhage. 

There  is  no  ipiestion  u-s  Ui  the  sui)eriority  of  the  ear  over  the  J 
tinger  for  drawing  the  drop.  The  ear  is  less  sensitive  than  I 
tingvr,  and  a  slighter  iiunctiire  gives  us  all  the  blood  we  need. ' 
Moreover,  it  is  a  distinct  advantage,  especially  in  children,  that  the  I 
jHttient  cannot  wateh  ttie  punc^titre  of  the  ear,  or  the  pre}MLratiuiit'9 
for  making  it,  and  cannot  easily  withdraw  the  part.  A  sleepinyf 
patient  often  needs  tti  )»•  roused  to  get  at  his  finger,  while  his  ear  is  1 
usually  easily  accessible  above  the  bed  clothes.  Again,  the  absence  1 
of  any  l>ony  prominence  against  which  tti  press  makes  us  less  likely  1 
to  use  too  much  pressun^i  than  if  we  puncture  the  finger. 

Wlieu  one  is  making  frequent  examinations  uf  the  blood  of  A,| 
sensitive  person,  as  in  pneumonia,  these  details  are  of  real  impor- 
tance, and  in  eases  of  pernicious  aneemia  in  which  the  jirevions 
att«-mptfi  to  get  bloo*!  from  tlie  flnger  had  been  absolute  failures,  I 
have  found  no  dittlculty  in  getting  it  from  the  ear.  lu  tliis  disease 
the  advaiitagi^s  of  the  ear  over  the  linger  ar*i  |>ei!n1iarly  great. 

Prrp-iT'itiiin  of  Ti-iapiiriirii  Specimen*  for  Immeiliati-  Kriimhmtiim.\ 
(h)  WXivM,  after  wiping  away  the  first  four  or  five  drops,  a  good- 1 
eiwd  dnip  exudes  HjKmtaiieously,  touch  the  eentn-  of  a  iwrfectljrj 
clean  cover-glass  against  the  summit  of  the  drop  without  liiuehing\ 
the  tkiu  ifjielf  (It  nil,  and  drop  the  cuver-glass  face  downward  nixnt  J 
a  slide  so  that  the  form;  of  the  impact  will  help  to  spread  the  drop  o|| 
blood  thinly  and  evenly  lietween  slide  and  cover.  It  is  recom* 
iiiendei]  by  IChrlii'h  and  others  to  hold  the  cover-glass  with  forceps,  j 
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but  there  is  no  harm  in  holding  it  with  the  lingers,  provided  we 
avoid  touching  either  of  its  surfaces,  i.e  y  hold  it  always  as  in 
Fig.  1.' 

Slide  and  cover  must  be  perfectly  clean,  else  the  blood  will  not 
spread  out  in  a  layer  thin  enough  to  avoid  the  corpuscles  overlying 
each  other  so   that   not   one   of   them  is 
clearly  seen.     Further,  as  dirt  simulates       ^^^^^^      C'^''^^^ 

fairly  closely  some  of  the  pathological  ap-      /  X^^^ 

pearances  for  which  we  are  on  the  look-    /  / 

out,  its  presence  on  the  slide  leads  to  loss  ( ^ 

of  time  or  to  mistaken  conclusions.  Cover- 
glasses,  as  they  come  from  the  shops,  may 
be  coated  with  a  substance  not  easily  to 
be    removed.      To  get  them  really  clean    fig.i.- Proper  Method  of  Hold- 

nothing  is  so  simple  as  or  more  etfective 

than  soap  and  water.  After  several  years'  use  of  the  method 
of  cleaning  usually  advised  (^^z.,  strong  mineral  a(dd,  followed 
by  alcohol  and  then  by  ether),  I  have  become  converted  to  the 
use  of  plain  soap  and  water  as  the  best  and  simplest  way  of 
cleaning  slides  or  cover-glasses.  Rub  soap  over  every  paii;  of  the 
glass,  wash  it  off  with  water,  and  polish  it  thoroughly  with  a  clean 
handkerchief  (most  towels  are  apt  to  leave  a  scrap  of  lint  on  the 
glass).'  If  slide  and  cover  are  perfectly  clean,  are  held  as  in  Fig. 
1,  and  allowed  to  touch  only  the  summit  of  the  blood  drop  and  not 
the  skin,  the  blood  will  si)read  out  proi)erly  between  them,  and  no 
pressure  on  the  cover-glass  will  be  needed  to  make  the  layer  of  cor- 
puscles thin  enough.  Pressure  is  undesirable,  as  it  often  makes  all 
sorts  of  artefacts  in  the  i>reparation  and  hastens  crenation  of  the 
red  corpuscles.  Better  results  are  obtained  if  slide  and  cover  are 
warmed  just  before  using,  and  it  is  well  to  have  an  assistant  rub  the 
slide  vigorously  with  a  towel  just  l)efore  it  is  used. 

This  method  is,  of  course,  applicable  only  to  specimens  to  be 

*  I  am  not  unniindful  of  Elirlicirs  warning  that  the  moisture  of  the  Angers 
spoils  the  specimen:  hut  in  pmetiee  I  do  not  find  it  to  Ik*  true  except  as  n'- 
gards  the  margin  of  the  fihu.  the  g<M>d  preservation  of  which  is  not  essential. 
Only  the  thinnest  oover-^jlasses  in  the  market  should  be  used.  \  inch  is  the 
best  size. 

*  Further  e.vperience  has  eonvineed  me  that  water  alone  is  generally  sutH 
cient,  provided  the  p«»lishin;;jr,  which  is  the  chief  factor  of  success,  is  thontugh. 
Ti.ssue  paper  is  very  useful  for  polishing  cover->rlassi*s.     After  polishing,  it  is 
well  to  pass  them  through  a  Bunsen  or  alcohol  llame  once  or  twice. 
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immediately  examined.     Specimens  which  are  to  be  transported  or 
preserved  should  be  prepared  as  directed  on  p.  43. 

PrevetUiati  of  Cell- Death. 

Slides  so  prepared  are  usually  best  examined  with  a  one*twelfth 
oil-immersion  lens.  As  a  rule  they  keep  long  enough  for  purposes 
of  examination  without  any  further  precautions,  but  if  we  desire  to 
keep  the  blood  fresh  and  uncoagulated  for  a  longer  period,  it  is  best 
to  exclude  air  in  this  way:  Paint  upon  the  slide  with  vaseline, 
cedar  oil,  or  any  gummy  substance  a  hollow  square  or  ring  of  about 
the  size  of  the  cover-glass,  so  that  when  the  latter  with  its  drop  of 
blood  is  put  down  upon  the  slide  the  drop  will  spread  out  inside  the 
ring  of  oil,  which  seals  the  margins  of  the  cover-glass  to  the  slide. 
Specimens  so  prepared  will  keep  for  many  hours  unchanged,  and 
without  crenation  or  coagulation,  if  the  weather  is  warm  or  if  the 
slide  be  kept  in  a  wai'm  place. 

In  examining  blood  suspected  of  containing  malarial  parasites  it 
is  sometimes  useful  to  put  the  whole  microscope  into  one  of  the 
warming  apparatuses  devised  for  the  purpose.  This  is  better  than 
any  of  the  various  kinds  of  warm  stage  in  use,  but  in  clinical  work 
there  is  rarely  if  ever  any  need  for  artificial  heating  apparatus  of 
any  kind,  provided  the  room  and  the  slide  are  warm. 

What  Can  Im  Learned  from  Fresh  Blood. 

In  the  first  place  we  note  the  i-eadiness  or  sluggishness  of  its 
flow  from  a  puncture  of  standard  depth.  The  blood  flows  more 
readily  than  usual  in  the  following  conditions : 

1  Peripheral  congestion  or  vaso-dilatation. 

2  Exaggerated  fluidity  of  the  blood  (chlorosis,  some  types  of 
anaemia,  and  hiemophilia). 

It  flows  sluggishly : 

1.  After  profuse  hemorrhage  or  serous  drain  (cholera). 

2.  In  certain  c^ses  of  extreme  anaemia — e  (j  ,  emaciated  cancer 
cases. 

3.  Va-soniotor  spasm  (cold,  hysteria,  Raynaud's  disease,  unemia 
— (rertain  cases). 

4.  Exaggerated  coagnlability 

Examination  of  the  fresh  blood  by  the  method  described  alnDve 
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is  also  the  best  way  known  for  ascertaining  the  presence  or  absence 

of— 

1.  The  Plasmodium  malarise. 

2.  The  Spirochaete  of  relapsing  fever. 

3.  The  Filaria  sanguinis  hominis. 

4.  Rouleaux  formation  among  the  red  cells. 

It  is  also  a  quick  and  convenient  method  of  finding  out  with  ap- 
proximate accuracy: 

(a)  Whether  the  blood  contains  an  increased  amount  of  fibrin; 

(h)  Whether  any  considerable  anaemia  or  leucocytosis'  is  present ; 

(r)  Whether  or  not  the  amount  of  haemoglobin  in  the  red  cells 
is  much  decreased ; 

(d)  Whether  the  red  corpuscles  ai*e  deformed ; 

{e)  Whether  the  "blood  plates  "  ai-e  increased  or  not.  A  prac- 
tised observer  can  also  make  a  diagnosis  of  leukaemia  by  this  method 
in  most  cases,  but  here  mistakes  may  easily  occur. 

So  much  can  sometimes  be  learned  from  a  specimen  prepared  in 
this  very  quick  and  easy  way  that  it  should  be  as  much  a  matter  of 
routine  as  a  urine  examination.  Hut  in  order  to  get  any  information 
from  such  a  preparation  we  must  previously  have  familiarized  our- 
selves with  the  appearance  of  normal  blood  under  such  conditions — 
with  the  size,  shaj)e,  color,  and  refractions  of  the  red  cells,  white 
cells,  and  blood  plates  and  their  ratio  to  one  another,  and  with  the 
great  variety  of  curious  phenomena  to  be  seen  as  a  drop  of  blood 
gradually  dries  up  between  slide  and  cover.  No  book  can  teach 
this ;  it  must  be  learaed  by  actual  experiment. 

Some  of  the  commoner  sources  of  error  will  be  referred  to  later. 
Here  I  will  mention  only  the  Brownian  movement  in  the  protoplasm 
of  the  cori)uscles,  to  be  distinguished  clearly  both  from  the  amceboid 
movements  of  the  leucocytes  or  of  the  malarial  j)aiasite  and  also 
from  the  irregular  contractions  of  the  dying  protoplasm,  which  give 
rise  to  pseudo- amceboid  motions  in  the  crenated  ])oints  of  normal 
red  cells  or  in  the  irregular  projections  of  corpuscles  deformed  by 
disease  (ride  Infra). 

For  a  more  detailed  description  of  normal  red  corjmscles,  white 
corpuscles,  and  blood  i)late8  the  reader  is  refen-ed  to  l^aii;  II. 

An  account  of  the  pathological  changes  to  he,  observed  in  the 
fresh  blodd  will  be  f^iveii  in  later  chapters. 

'  More  accumtely  it  is  only  the  mtio  of  red  to  white  corpuscloR  that  we 
can  determine,  and  when  th<'  hmI  are  very  nuu-h  diminished  in  number  we 
may  be  deceived  into  supposing  that  the  white  are  increased. 


CHAPTER  II. 


COUNTING  THE  CX)RPU8CLE8. 


I.  The  Thoma-Zeiss  counter. 

II.  Durham's  modilied  counter. 

I.  Out  of  the  many  instruments  devised  for  this  purpose  that  of 
Thoma '  Z**i8s    with    Zappert's    modified    ruling  of  the    counting 

chamber  is  the  best,  and  much 
the  most  commonly  used.  In 
the  use  of  this  instrument  thei-e 
are  iive  steps  or  stages : 

1.  Puncturing  the  ear. 

2.  Diluting  and  mixing  the 
blood  thus  obtained. 

3.  Adjusting  a  drop  of  di- 
luted blood  in  the  counting 
chaml)er. 

4.  ( 'ounting  the  corpuscles. 

5.  (leaning  the  pij)ette. 

To  count  the  white  corpus- 
cles, an  instrument  different 
from  that  emi)loyed  for  the  red 
is  often  used. 

The  technique  is  nearly  the 
same  for  lK)th  instruments,  but 
for  clearness'  sake  I  shall  de- 
scriln*  them  separately.  To 
save  time  I  shall  call  the  sniall- 
boi-e  j)ii)ette  used  for  ivd  cor- 
pus<*les  (Fij^.  2,  A)  the  **red 
counter,''  and  the  larj^e-bore 
pil»ette  {V\\^,  2,  7^)  the  "white 
counter. " 
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ViO.  2.— Tboma-Zetiw  Plpnttw*.    A.  For  red  n>r- 
piurleii :  0,  fur  wbiu*  n)rpuw'l««. 
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Counting  the  Red  Corpuscles. 

(a)  After  puncturing  the  ear  as  above  described,  and  as  soon  as 
the  blood  is  flowing  freely,  put  the  point  of  the  "  red  counter  "  inta 
the  drop  as  it  emerges  from  the  ear,  and  by  sucking  gently  on  the 
rubber  tube  attached  to  the  other  end,  draw  up  blood  to  the  mark 
0.6  on  the  pipette.     It  is  convenient  to  rest 

the  end  of  the   pipette   on   the  thumb  as  «^ 

shown  in  Fig.  3.  It  needs  some  practice 
to  stop  exactly  at  the  mark,  but  if  we  hap- 
pen to  draw  the  blood  up  a  little  past  the 
mark  0.5  no  considerable  error  results,  pro- 
vided we  draw  the  column  down  again  to 
the  mark  by  tapping  the  i)oint  of  the  pipette 
on  a  towel,  and  provided  also  that  the  in- 
strument is  perfectly  clean  and  dry.  The 
aim  and  intention,  however,  should  always  fio.  8.— Method  of  Rivtimr  Point 
be  to  stop  exactly  at  the  mark  0. 5,  and  with     *>'  ^Jj^^^  on theThumb  while 

^  '^  '  Sucking  In  BUhxI. 

a  little  practice  we  can  do  it,  except  with 

nervous  or  delirious  patients,  and  those  who  carelessly  move  the 

head  just  at  the  critical  moment.     With  such  patients  we  usually 

have  to  content  ourselves  with  drawing  the  blood  a  little  beyond 

the  mark  0.5  and  then  drawing  it  down  again  to  the  mark  as  above 

described. 

DUtitintj  the  Blood. 

(b)  The  bottle  of  solution  to  be  used  for  diluting  the  blood 
should  be  ready  uncorked  at  the  bedside.  Of  the  many  solutions 
suggested  by  vaiious  authors  none  is  better  than  Gower^Sf  the  for- 
mula for  which  is  as  follows : 

8o(Hi  sulphat gr.  112 

Add.  acet 3  v. 

Aquie I  iv. 

Toisson's  solution  is  also  very  useful  and  stains  the  white  cor- 
puscles so  that  they  can  be  easily  distinguished  from  the  red.  It& 
composition  is  as  follows : 

Methyl  viok4.  5B 0.025  gm. 

Sod.  chlor 1.000    " 

Sod.  siilph 8.000    ** 

Neutral  glycerin 30.000  cm. 

Aquae  destill 160.000    ** 
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We  must  wait  about  ten  luiuutes  aSt^T  mixing  before  the  leuoot^ytefl  ' 
are  fully  Btainitit       &xi-e|>t  for  tliiH  di'lay,  tlic  only  obje<itiuu  to  tliia 
Bolutioii  is  that  it  is  rather  difHcutt  to  clean  the  jiipette  after  usiiig 
it      If  thi>  whiU'  cells  are  i^oimteil  with  aiiiithei'  )ii{iett<*  the  staining    > 
ttuid  can  lx>  as  well  ilisi>ense(l  with.  I 

Into  a.  Uittle  of  otic  of  thew  soliititms,  reaily  at  the  be<lsiile,  the 
point  of  the  [)i|>ettc  ts  to  be  plunged  as  soon  as  the  blood  has  been 
drawn  up  to  thi<  |>u«i)t  0.r>  and  the  imtnide  of  the  ]ii)>ette  wijied  clean  i 
of  blood.  Suction  is  thru  exei-ted  through  the  rubber  tulje  fbr  in. 
ntnnt  the  \uiint  of  the  |ii)iett«  is  Itetow  the  surface  of  the  ililuting 
solution.  This  suction  is  uontinueil  until  the  diluted  blood  has 
tilled  Uie  bulb  of  tlie  pipette  and  gone  i>ast  it  up  t«  the  ptitut 
marked  lOt.  It  is  not  dittJcult  to  sto)i  at  this  point,  pi-oinded  the 
pijx-ttft  is  i)erfectly  clean  and  dry  innide.  Otherwise  it  is  iHi|)OH- 
siblc  Should  any  mishap  oi-eiir  at  this  jmlnt,  the  whole  prot^ 
must  be  beji^un  over  again  aft^r  caiffully  ejpaiiing  and  drying  the  , 
pipett*^,  If  no  aiicident  hap|>ens  and  the  mixture  is  sucked  up  to 
and  not  [last  the  mark  101,  we  have  diluted  the  blood  with  two 
hundred  times  its  bulk  of  nential  aohitiou.  If,  instead  of  drawing 
the  blooil  up  U]  the  mark  0.5,  we  draw  it  as  far  as  the  point  marked 
1,  ami  thttn  ililute  aN  above  described,  thr  mixture  will  lie  1  to  100. 
Some  observers  habitually  use  this  dilution.  The  objections  to  it 
are  (1)  That  if  thit  blmxl  is  accidentally  drawn  up  tin)  far  (i.f., 
past  the  mark  1)  we  caimot  draw  it  down  again  but  must  painfully 
fliean  ajid  dry  uut  the  pijtett^  {see  lielnw,  |i.  18)  and  repeat  tlie  proc- 
ess. (2)  If  the  bloo<l  contain  approximately  the  normal  number 
of  wirpusolea,  tliey  will  lie  so  crowded  when  adjusted  on  the  ruled 
surface  of  the  disc  A  that  it  is  more  difficult  to  count  them.  If  we 
use  another  pipett*  for  the  white  corpuscles,  the  dilution  of  1 :  100 
has  no  advantagi'  Ui  itounterbalaiice  these  ilrawbacka. 

While  sucking  in  the  diluting  solution,  it  is  well  to  roll  the 
pijH-tte  on  the  long  axis  with  thi*  tingers  of  the  hand  which  hulds  it 
in  the  diluting  fluid.  This  mixes  the  blood  instantly  and  prevents 
any  of  it  fmm  floating  on  the  top  of  the  solution  and  thereby  com- 
ing up  undiluted  into  the  narrow  jwi-tion  above  the  bulb  of  the 
pipettv,  when>  it  might  (Hissihly  escaiie  thomugh  mixing  ' 

Next  we  thoroughly  mix  the  blood  anil  diluting  fluid  by  shaking 
and  rvdliog  the  pjpettf,  its  ends  tteing  closed  by  the  tingers.     The 


'  Care  iiiUHl  Ix^  tukeii  tliHt  ii 
unit  into  ihc  pipciti-.     Ni-vi-r  l> 
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little  glass  ball  within  the  bulb  helps  this  process  materially.  A 
minute's  brisk  rolling  and  shaking  is  as  good  as  five  minutes' ,  as  I 
have  convinced  myself  by  many  experiments,  and  the  distribution 
of  the  corpuscles  throughout  the  mixtui*e  is  very  even,  provided 
there  is  no  delay  in  proceeding  to  the  next  step,'  Wz. ; 

(/;)  Adjusting  a  Drop  of  I>Uitted  Bloml  in  the  Conntinfj  Chawher, 
— Remove  the  rubber  tul)e  from  the  pipette  and  blow  out  the  por- 
tion of  diluting  solution  which  last  entered  the  pipette,  and  which 
consequently  has  not  been  thoroughly  mixed  with  the  blood  in  the 
bulb.  Five  or  six  drops  should  be  blown  out  Ix^fore  any  is  used  for 
examination.  Next  juit  uj)on  the  sui-face  of  the  counter  (A,  Fig. 
4)  a  drop  of  such  size  that  when  the  cover-glass  (H)  is  let  down 
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Fio.  4.— Thoma-Zeiss  Counting  Slide.    A^  Ruled  diso;  B,  ooyer-fflus:  C  moat 

over  it,  the  whole  of  the  disc  A  is  covered  with  the  drop  without  any 
being  spilled  into  the  "moat"  (C)  aroimd  it.  Just  how  large  such 
a  drop  should  be,  can  be  learned  only  by  practice.  It  is  not  liter- 
ally necessary  that  exactly  the  whole  disc  A  should  be  covered, 
provided  nine-tenths  of  it  is  covered,  but  any  spilling  over  into  the 
"moat"  ((')  entails  serious  error." 

After  the  cover-glass  has  been  let  down  upon  the  drop,  we 
should  be  able  (provided  the  whole  instrument  is  clean)  to  see  con- 
centric rainbow  rings  between  the  cover-glass  and  the  body  of  the 
instrument.  These  are  known  a.s  Newton's  rings.  A  little  press- 
ure with  a  needle  on  the  cover-glass  will  often  bring  them  out  if 
they  do  not  at  once  ap})ear,  hnt  the^tj  must  remain  visible  after  the 
pressure  is  taken  off.  Otherwise  we  know  that  there  must  be  some 
dirt  or  dust  under  the  cover-glass  preventing  its  settling  exactly 

*  If  we  have  to  pause  before  going  on  to  the  next  step,  we  must  take  care 
to  roll  and  shake  the  pii)ette  again  when  n»a(ly  to  proceed. 

'Inacconiancewith  Meissen's  suggestion  Zeiss  now  supplies  thisapparatus 
with  a  groove  in  the  ^hiss  disc  outside  the  '*moat,"  whereby  communication 
is  established  between  the  latter  and  the  external  air.  Thus  the  results  of 
counting  are  made  independent  of  difTerences  in  atmospheric  pressure. 
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iiito  position,  anil  tliis  will  cAuse  error  in  the  uomit,  though  not  a 
very  uonitiilerabW  enor  in  most  (rases.  (To  see  St'wton's  rings  we 
ahunld  get  our  fyes  nwir  to  tin-  level  of  the  r-ounting  chamber  so 
tliat  tlie  light  from  window  or  lamp  is  retlected  from  the  surface  of  , 
the  eover-glasa). 

If  the  alwve  L-onilitious  are  not  all  fulfilled,  the  instrument  1 
should  t>e  washed  auil  another  drop  tried,  aft^r  shaking  the  pipetta  | 
and  blowing  out  a  few  drops  as  bifore. 

The  cover-glass  must  Ih-  let  down  as  soon  as  jxtssible  after  the 
drop  has  Iteen  put  on  the  disc  A,  and  before  the  eorpuscles  have  I 
time  to  settle.     It  is  best  to  let  it  down  witli  a  ueedld  as  in  mouufc-  \ 
iiig  microscopic  specimens. 


(if)  Aft*?r  waityig  two  _. 
may  settle  thoroughly  upon  t!: 


uites  so  that  the  corpusolea 
lied  off  on  the  disc  A,  the 


no.  h.-Tltoaa-Zt})H  «>unltD|:  Mtdi-.    A.  Kuird  dlr. 

counting  is  l)egun,  using  pi-eferably  an  objective  5  of  Leitz  or  D  of 
Zeiss  and  a  No.  1  ur  1'  eyepiece. 

Th«  treiitriLl  part  of  the  ruled  space  on  the  surface  of  Zappert's 
counting  chamber  (A,  Fig.  5)  is  divided  into  four  hnndred  squares, 
every  group  iif  sixti-en  S()narea  Iteing  enclosed  in  double  lines  to 
malce  it  easier  to  know  how  many  squares  we  have  counted  (see 
Kig.  (!)■  Ini'hiding  the  s(]uareK  with  double  lines  we  have  a  group 
containing  thirty-six  small  M]uares,  a  group  I'onvenient  to  count  at 
one  time  as  it  just  alHiiit  fills  the  field  of  the  objective  Leitz  No.  G, 
or  Zeiss  1)  with  a  No.  '2  eyepiece. 

To  avoid  considerable  error  we  should  count  the  corpuscles  la 
five  fields  of  thirty-six   tiinarfs  eiwh,  such  as  is  shown  in   Fig.  6, 


COUXTING   THE  CORPUSCLES. 
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taking  the  tiel<is  iii  various  parts  of  the  whole  i-uled  space.  The 
instiTiiueut  should  thou  be  washed '  aiid  tht-  whole  jirocess  repeated 
with  a  second  di-op.  If  the  count  of  the  second  droj)  differs  widely 
from  that  of  the  tirst,  a  tliii-d  drop  should  be  coinited,  aiid  the  aver- 
age taken  (]f  those  two  whioh  ai-e  most  nearly  alike.  Thus  at  least 
tliree  bundled  and  sixty  small  s<|uare3  shuuhl  lie  counted;  with  such 
a  nuiidx-r  tlu^  error  is  not  overthi'ee  (mm-  cent  for  practised  observers." 
In  normal  Mooil  this  means  ctountiug  alM)ut  2,1(10  corpuscles,  as  six 
or  seven  to  a  small  square  ^  c' 

is  alNnit  the  normal  average 
when  we  are  using  a  dilu- 
^  tioii  of  1 :  -00  .sm^li  as  lias 
been  descrilH-d  (twcdve  to 
frmrteen  eel  Is  jiei'  sipiaiv 
in  a  diUiti..n  of  1 ;  lOOj. 

Among  the  dirtienlttes 
encountered  in  counting  is 
tlie  pivsenee  ()f  a  few  cor- 
jiiiseles  on  or  touching  one 
in-  more  of  the  lilies  /m„„il- 
iiiij  the  .space  to  W  counted. 
Shall   we  count  the.se    out 
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counting, 

stance,  a  field   like  that  in        ""»^' ^  "••■•"••—"<  >  •«•">■ 
Fig.  fi,  what  are  we  to  do  with  the  cells  which  sit  astride  the  lines 
AA,  HH,  etc.? 

To  get  i-ound  this  diiticnlty,  it  is  liest  tti  make  it  a  mle  to  connt 
in  all  the  corpuscles  on  or  touching  some  two  of  the  boundary  lines 
{e.'j.,  AA  and  BB)  and  to  take  no  notice  of  any  cell  on  or  touching 
the  lines  ('(■  and  1)1).  In  this  way  the  exclusions  just  balance  the 
inclusions.  Of  c^>nrse  nil  cells  irithin  these  outer  boundary  lines 
are  to  lie  counh-d  whatever  their  jKisitioii. 

ftiyond  tliis  the  details  must  be  settled  by  each  man  for  himself. 
My  own  habit  is  to  count  through  the  squares  in  the  order  indicated 
by  the  track  of  the  serjientine  arrow  in  the  acc<)m]ianying  Fig.  7, 
and  to  count  by  twos  or  threes. 

'  Use  only  waler— iilciilml  iliwuilvi's  the  ittiiciit  wjiidi  holds  the  ruled  disc 

'  Svf  Rcim-rrs  -ZiUilunj:  .Icr  Itliilkr.rpL-nli.-u,"  Leipzig,  18B1,  p.  4b  <'  tq. 
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A  movable  stage  makta  the  counting  easier,  esjiecially  for  \ 
giniiei-s      Either  iiatiiriLl  or  artiSoial  light    miiy  be  used,   with 
amall  aperture  diaiihragin,  and  if  the  instruments  are  clean  aiid  t 
diluting  siilntitrti  fresh  and  free  from  sediment,'  thew  is  no  d 
vulty  in  deciding  how  many  cells  each  square  (-ontains,  and  no  ex- 1 
tratieoiis  fragments  to  ho  J 
excluded.     We  must  dia 
tingiiish  the  white  (wrjius.  j 
oles  from  the  red,  not  by  J 
their  size    but   by   their  1 
stain   if  Toiason's  iiolii- 
tion  is  used,  otherwise  by  1 
their     [teculiar     shining  I 
Utok   when    the    lens   is  J 
drawn  up  so  as  t*>  put  the 
red  wdls  slightly  out  of 
focus,     Tlie  bliKMl  plates  i 
are    not    notiwable    and   | 
lead  to  uo  errors 

When  the  nuiuln-r  of  1 
'  corpuscles  in  ■''(GO  squares  ' 
has  Wen  counted  tb^ 
nnmlier  is  divided  by  3fi0  and  multiplied  by  800,000  (i.^.,  by  200 
to  make  up  for  dilution  atid  then  by  4,000,  U'cause  each  stjuare 
is  oiiuivttlent  to  ,^jj  of  a  cubic  millimetre),  which  gives  us  tlie 
number  of  curpusclea  j>er  eublo  millimetre 

These  figures  need  not  be  committed  to  memory,  for  we  have 
marked  on  the  instnuneuts  used  all  the  data  necessary  for  the  cal- 
culation, I'.r-.,  the  dilution  figures  on  the  pipett«  and  the  area  and 
depth  of  a  suigle  square  on  the  counting  slide 

{f)  The  imjMirttuuv  of  rlmm'n'j  the  jniiettr  as  soon  as  the  count- 
ing is  done  is  so  great  that  it  should  be  reckoned  as  one  of  the 
regiUar  steps  on  everj-  count.  First  water,  then  alcohol,  and  lastly 
ether  must  be  sucked  into  the  ]iipette  and  brought  into  contai^t  with 
every  jiart:  of  the  bulb  lunl  tul>e.  After  this  air  mnst  be  sucked  or 
jiumiH'd  through  Uie  tube  until  it  is  |wrfectly  dry  and  the  glass  ttall 
will  roll  about  frwly  in  the  bulb  without  sticking  anywhere. 

These  precautions  take  but  two  or  three  minutes,  and  if  they  are 

'  HosI  dllutlni;  wiliitjiiiis  prFclplute  or  Hccumiilst^-  s|M>r«e.  Hnd  need  hi  b* 
frr(|iicntK-  roncwt-d  "r  filtcreil, 
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omitted  and  the  blood  dries  in  the  pipette,  it  may  take  several 
hours'  work  to  get  it  clean.  Further,  if  it  is  not  thoroughly  drird 
after  cleaning,  the  mixing  of  the  blood  when  it  is  used  next  cannot 
be  done  accurately. 

The  first  three  steps  of  the  above  process  (i.^.,  the  obtaining, 
diluting,  and  mixing  of  the  blood)  must  be  done  as  swiftly  as  is 
compatible  with  accuracy,  but  when  once  the  blood  is  mixed  in  the 
pi])ette  it  can  be  kept  there  indefinitely  and  counted  at  leisure. 
None  of  the  corpuscles  are  destroyed  or  lost,  aiul  if  the  bulb  is 
thoroughly  rolled  aiul  shaken  up  whenever  we  are  ready  to  (iount 
the  blood,  no  error  results  from  keeping  it  twenty-four  hours  or 
more  in  the  pipette 

It  is  not  necessary,  therefore,  to  carry  a  microscope  to  the  pa- 
tient's house  or  bedside;  the  pipette  and  the  diluting  solution  are 
all  that  we  need  to  take  with  us,  and  when  the  blood  is  mixed  in 
the  pipette,  the  latter' s  ends  can  Ix.^  closed  with  a  rubber  band,  and 
the  blood  carried  home  and  counted  at  leisure.  The  pipette  should 
be  kept  approximately  horizontal  during  the  transit. 

(U»uxTiN(j  THE  Whitk  Cokpuscles. 

To  make  a  reasonably  acjcurate  count  of  white  corpuscles,  using 
the  "  red  counter  "  and  the  dilution  of  1 :  100  or  1 :  200,  we  need  to 
count  an  immense  number  of  squares,  far  more  than  was  necessary 
in  estimating  the  red  cells — in  fact,  at  least  ten  times  the  whole 
ruled  space.  It  is  therefore  far  quicker  and  more  accurate  to  use 
the  "  white  counter  "  or  large-bore  pij>etti^  with  a  diluting  solution 
which  renders  the  i-ed  cells  invisible  and  leaves  only  the  whiU*  to  be 
counted.  Such  a  solution  is  the  one-half  of  one-per-cent  soluticm 
of  glacial  acetic  acid  in  water.  With  this  the  white  corjmscles 
stand  out  very  clearly  and  the  red  can  barely  be  seen  at  all.  The 
technique  is  the  same  as  that  already  described,  with  the  following 
exceptions : 

1.  The  drop  of  blood  needed  is  nearly  three  times  as  large  as 
that  used  in  the  "  re<l  counter  " ;  it  is  about  as  big  as  can  be  made  to 
stay  on  the  ear  without  rolling  off,  even  if  we  draw  blood  only  to 
the  mark  O.5.'  If  we  draw  blofxl  to  the  mark  1,  as  advised  by  TUrck, 
we  must  make  a  deeper  puncture  and  suck  in  the  blood  as  it  fiows 
without  waiting  for  the  formation  of  (lr()i)s. 

2    The  bore  of  the  tube  being  large,  it  fills  and  empties  more 
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n»a(lily.  Hence  our  suctiou  must  bt^  gentler,  and  it  is  i-ather  harder 
to  stop  exactly  at  the  mark  11.  For  the  same  reason  the  diluted 
blood  will  run  out  of  the  pii)ette  if  the  lattc^r  is  not  kept  nearly 
horizontal,  and  the  lK)ttle  of  diluting  solution  should  accordingly  \ye, 
tii)i>ed  up  as  we  plunge  in  the  point  of  the  pipette,  so  that  the  lattt»r 
is  de])ressed  as  little  and  for  as  short  a  time  as  possible  before  suc- 
tion begins. 

'A.  Zai)i)ert\s  modification  of  the  Thoma-Zeiss  counting  (chamber 
should  be  used.  Zap])ei*t's  counting  chandx*r  (now  supjdied  by 
Zeiss  at  the  same  i)rice  as  the  ordinary  one,  /.*\,  15  marks)  differs 
from  that  ordinarily  used  in  that  the  central  s(|uare  millimetre  is 
surroundc<l  by  eight  undivided  stjuaivs  of  the  same  size  (see  Fig. 
!(»).  With  this  niling  one  counts  first  the  number  of  leucocytes  in 
th(»  central  s<puire  (alx)ut  .S")  in  normal  blood)  and  then  in  em'h  of 
the  surrounding  undivided  squaivs.  This  gives  us  a  total  of  about 
IMH)  leuco(*yt<»s  (in  normal  blood)  as  a  basis  for  our  calculations. 
The  total  so  t obtained  is  divided  by  9,  and  then  imiltiplied  by  200 
(l>rovi(led  we  have  diluted  1  :  20). 

The  advantages  of  th(»  large-boi-e  pij)ett4»  an*  obvious.  The  only 
drawback  is  its  exj)anse.     The  technique  is  not  at  all  difficult. 

Comtfhtf/  Ititth  Jifif  tnul   Whit*'  (V/Zx  irith  th*'.  Sfune.  Pipt'tte, 

W«*  may  avoid  Iniying  both  large-lx)re  and  small-bore  i)ij>ettes  in 
om*  of  the  following  ways: 

1 .  We  can  count  lM)th  red  and  whit^i  cor])Uscles  with  the  "  nnl 
counter. " 

2.  We  can  (jount  l)oth  red  and  white  corjniscles  with  the  "  white 
counter." 

The  n>ason  why  we  cannot  use  the  "wmI  counter"  for  comiting 
white  cells,  unless  modifie<l  in  some  way,  is  that  in  the  whole  ruled 
surface  of  the  counting  chamlxM*  not  more  than  three  or  four  white 
eorpuscles  an»  to  !h»  found  in  nonnal  blood  when  diluted  two  hun- 
dred times.  If  we  dilute  less,  we  cannot  se^  the  cells  distinctly, 
U'cause  they  an»  so  crowded.  If  we  find,  say,  three  white  c()r])us- 
cles  as  the  numlxn*  to  U»  uscmI  as  a  basis  in  calculating  the  numlx*r 
of  white  cells  in  a  cul)ic  millimetre,  the  chance  of  error  is  very 
gn»at,  the  multii>lier  Ix^ing  so  large  (2,000)  an<l  X\w  niultijilicand  so 

To  get  over  this  difficulty  we  may  utilize  the  cells  spivad  over 
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the  disc  of  the  eoiiuting  chamber  mttslde  the  ruled  space  in  one  of 
the  following  ways : 

(ji)  By  measiirinfj  the  field  of  the  ohjectiee  used.  The  writer's 
objective,  No.  5  of  Leitz,  has  a  field  of  very  nearly  one-quaiter  of 
a  square  millimetre  or  one-quaiter  of  the  whole  ruled  space.  Four 
fields  of  this  lens,  taken  anywhere  outside  the  iniled  space,  thert^- 
fore,  contain  the  same  numl)er  of  cells  as  will  cover  the  whole  four 
hundred  small  ruled  squai-es,  and  when  we  have  counted  the  white 
cells  in  a  series  of  four  fields  of  this  lens,  we  have  accomplished  as 
much  as  if  we  have  put  a  fresh  drop  upon  the  counting  chamber  and 
counted  all  the  ruled  squares  over  again;  the  latter  process  is 
tedious,  the  former 
very  qui(rk.  Thus  it 
is  my  ])ractice  in  some 
cases  to  proceed  as 
follows  (see  Fig.  8)  : 
Sui)posing  the  large 
circle  iVCC  to  rep- 
resent the  surface  of 
the  small  disc  (A, 
Fig.  4)  in  the  centiv 
of  the  counting  cham- 
l)er,  and  AAA  A  the 
ruled  squares  in  the 
middle  of  this  disc, 
four  m  i  c  r  o  s  c  o  j)  i  c 
fields  are  taken  in  the 
direction  away  from 
the  centre  indicated 
by  circles  an<l  arrows  in  tlie  figure.  Starting,  say,  to  the  right  of 
the  ruled  scpiares  with  the  left  edge  of  the  microsco])ic  field  just 
touching  the  outer  boundary  line  of  the  squares,  count  all  the  white 
cells  to  \w  seen  in  the  field.  Then  move  along  to  the  right  till  the 
cori)Usch»s  which  were  on  the  extreme  right  of  the  first  field  have 
gone  out  of  sight  to  the  left.  Ycmr  field  is  then  in  the  position 
of  the  circle  marked  2  (Fig.  8).  Count  all  the  white  cells  hi  this 
field  and  so  on  ictv  four  fields.  With  my  objective,  four  such 
fields  are  almost  exactly  equal  to  the  whole  ruled  space  A  AAA. 
With  other  objectives  of  course  the  number  of  fields  is  diifei'ent. 

When  we  have  eounted  four  fields  in  each  of  the  four  directions 
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iixJicated  by  the  arrows  we  have  covered  aa  miieh  groiuid  as  if  wa  1 
h&ve  put  four  sucw^aaive  drops  on  the  slide  after  the  first  oue  and   i 

couiiteil  all  the  ruled  Mjimres  in  eadh,  and  J 

we  have  saved  much  tiuie  aiid  labor. 

(ft)  Another  and  letter  method  of  at-  ] 
tainiiiK  this  saine  end  is  as  follows:  Cut  I 
out  of    hlaek   cardboard   a   iHe<'«  nf  the  I 
sliajie  showa  in  Fig,  9  and  of  such  a  size 
that  it  will  tit  into  the  UiW-  of  the  eye- 
piece— tlie    square    ajjerture    allowing    s 
spaoe  of  just  oiie-ijiiurh-r  of  a  utillitnetra    ' 
y,a.  t.  (one  hundred  of  the  niled  w|uares)  to  lie 

seen  through  it  with  a  given  nbjeetivp  (say  i 
Leitz  No.  5).  Four  fields  as  seen  through  sueh  an  aperture  i 
then  be  (.'ountcd  in  various  parts  of  the  slide  outside  the  ruled  apatw  ' 
as  explained  alxive. 

(r)  For  any  one  li\-ing  wher«'  microsiiopie  ruling  on  glass  uan  1)6 
done  ftt  a  moderate  eost,  by  far  the  best  way  is  t.o  have  the  Kat  ] 


of  ihf  dido  A  {Fig.  5)  ruled  off  as  shown  in  Fig.  10.  Leitz  and 
Zeiss  now  supply  instnmienta  so  niled.  1  have  nut  been  able  lo 
hear  of  any  one  in  America  who  could  do  suuh  work  at  a  moderate 
expense. 
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(d)  We  may  work  out  mathematically  what  number  of  squares 
would  be  contained  on  the  whole  disc  u^ere  it  all  ruled  like  the  cen- 
tral portion.  This  can  be  done  with  the  aid  of  a  micrometre  eye- 
piece and  a  mechanical  stage.  There  is  some  variation  in  individ- 
ual instruments,  but  as  a  rule  the  disc  outside  the  central  ruled 
space  has  an  area  of  about  two  thousand  of  the  small  squares. 

2.  We  may  use  the  *'  white  counter  "  for  red  corpuscles  in  the 
following  way :  Suck  up  blood  only  to  the  first  mai'k  up  from  the 
point  (/.<?.,  one-fifth  of  the  usual  distance)  and  then  Gowers'  orTois- 
son's  solution  up  to  the  mark  11.  This  gives  a  dilution  of  1 :  100, 
and  in  anaemic  cases,  in  which  the  cells  are  not  very  numerous, 
answers  well.  The  same  pipette  can  then  be  carefully  cleansed  and 
used  for  counting  white  cells  with  the  acetic  acid  one-third  i)er  cent, 
and  a  dilution  of  1 :  10  or  1 :  20. 

AVhatever  method  of  counting  white  corpuscles  is  adopted,  we 
ought  to  have  at  least  one  hundred  corpuscles  actually  counted  to 
use  as  the  multiplicand  of  our  computation.  A  single  drop  from 
the  white  counter  with  a  dilution  of  1 :  10  gives  us  normally  about 
seventy  white  corpuscles  in  the  four  hundi'ed  ruled  spaces,  and  by 
rei)eating  the  process  with  a  second  drop  the  result  may  be  made 
reasonably  accurate.  This  was  the  method  adopted  by  Rieder'  in 
the  immense  number  of  counts  made  by  him. 

7/.   Durham'' a  Modified  Hcemorytometer, 

In  the  Edinburgh  Medical  Journal  for  October,  1897,  Herbert  E. 
Durham,  of  Cambridge,  England,  describes  a  self-filling  capillary 
pipette  which  has  considerable  advantages  over  the  ordinary  Thoma- 
Zeiss  instrument.  The  account  of  the  device  is  here  given  in  his 
own  words. 

"  The  appaiatus  entails  no  new  principle ;  it  is  rather  to  be  con- 
sidered as  an  adaptation  of  a  number  of  details,  which  together  seem 
to  present  some  advantages.  As  in  the  Gowers'  instrument,  there 
is  a  separate  capillary  ])ipette  for  measuring  the  blood,  one  for 
measuring  the  diluting  fluid,  a  mixing  vessel,  and  the  counting 
chamber.     A  few  words  may  be  said  alxmt  each  of  these. 

"  ('a  pi  flan/  Pipette. — There  is  an  obvious  advantage  in  the  use 

of   a   self-mea*suring   ])iiM*tte.     It   cannot   go  wrong   by  accident. 

Durham  has  availed  liimself  of   the    pii)ettes   introduced    by  Dr. 

Oliver,  namely,  small  pieces  of  thick-walled  capillary  tube — 5  and 

'  "Beitrage  zur  Kenntniss  der  Leucooytosis,"  Leipzig,  18d2  (Vogel). 
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10  c.mm.  HI  capacity.  These  are  carefully  recalibrated  by  the 
makers  of  Dr.  Oliver's  instrument —The  Tintometer  Com])any. 

"  There  is,  moreover,  another  im{>oi*tant  advantage  attai'hing  to 
Dr.  Oliver's  pipette;  this  consists  in  the  readiness  with  which  it 
may  l)e  cleansed.  As  he  has  described,  all  that  is  necessary  is  to 
pass  a  ])iece  of  darning  cotton  by  means  of  a  needle  through  the 
bore  of  the  pij)ette.  All  the  adhei*ent  serum,  etc.,  is  ccmipletely 
removed  thereby.  Durham  generally  wets  the  end  of  the  cotton 
with  ether,  but  this  is  not  absolutely  necessary.  In  ])assing  the 
needle,  it  is  l)etter  to  ]>ass  it  into  the  pointed  end,  in  case  it  is  not 
withdrawn  perfectly  axially,  when  there  is  a  liability  to  chip  the 
thinner  unsuj)ported  glass. 

"Any  one  who  has  worked  much  with  the  Thoma-Zeiss  pij>ette 
will  know  how  troublesome  it  is  to  clean,  esi>ecially  when  a  number 


PlO.  H.-CitMA*  section  of  Durham*!!  Automatic  Blond-Plpette.  T.  Glam  tube  (like  that  of 
mtHlk*ln<Mln>pper) :  iV,  rubber  nipple  (like  that  of  inedlclne-dmpper) ;  lu  iNTfomtlon  In  the 
nipple :  r.  curk  holder,  perfomttnl  by  capillary  plpett«. 

of  observations  have  to  1k»  nuide  in  a  limited  time.  I'nless  it  is 
freijuently  cleaned  out  with  strong  acid,  there  is  a  tendency  for  the 
deiK)sition  of  sticky  serum  I'emains  which  interfere  with  tnie  read- 
ings. 

"  For  use.  Dr.  Oliver's  pii)ettes  are  mounted  by  means  of  a  small 
cork  (r)  in  a  large  glass  tube  (T),  which  is  provided  with  a  rublier 
nipple  (A'),  having  a  lateral  i)erf oration  (/>)  (Fig.  11). 

"The  fftijrhif/  nsse/  consists  of  a  small  test  tul)e  (-f  X  ^V  iii-  for 
1  c.c,  or  l^j}  X  3  in.  for  J  c.c. ).  Several  such  tul)es  may  Ix*  kept, 
8o  that  a  numl)er  of  observations  can  be  made  if  nec^ssarv.  For 
thoroughly  mixing  the  bl(M)d  and  diluting  fluid,  (me  or  more  small 
glass  globules  are  jdaced  in  the  tul)e.  l^y  using  <liiferent  colored 
glass  gh)bules,  ditfenMit  s|)ecimens  (»an  l)e  readily  differentiated. 

"  For  tnt'tisiinntf  the  diluting  fluid,  jAprttrs  containing  1  and  \ 
c.c.  an*  used;  these  are  remarked  at  995  and  990  c.mm.  and  495 
and  490  e.mm.  res  inactively.  With  these  graduations  the  following 
dilutions  may  l)e  obtained  :  1 :  200,  1 :  100,  aiul  1 :  50,  with  the  aj)- 
proi>riate  capillary  pipette. 
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"  Having  measured  the  (lilutiut^  fluid,  according  to  the  eventual 
dilution  desired,  the  blood  (;ai)illHry  is  tilled  by  touching  the  (»x- 
uding  drop  of  blood  imd  allowing  it  to  completely  till  itself.  The 
Mood  may  l)e  obtained  in  the  usual  manner  from  the  lobule  of  the 
ear,  the  first  drops  being  wii)ed  away. 

"  The  hole  in  the  nip^ile  allows  free  air-way  so  that  there  is  no 
hindrance  to  the  action  of  capillai-ity.  When  tilled,  any  blood  on 
the  outside  of  the  i)ipette  is  rapidly  wiped  otf,  and  the  tulx'  is  in- 
serted into  the  mixer  until  the  point  is  one-half  to  three-fourths  of 
an  hich  above  the  level  of  the  contained  liquid. 

"  The  ni])ple  is  then  held  in  such  a  way  that  the  hole  lies  under 
the  thumb  of  the  ojierator.  When  this  is  the  case  it  is  slightly 
squeezed,  and  then,  while  the  i)ressure  is  continued,  the  bulb  is 
rotated  so  that  the  hole  is  free  again.  Tn  this  way  the  blood  is 
squirted  out,  but  not  sucked  back  again.  The  procedure  is  ex- 
tremely simple  and  really  requires  no  practice,  given  an  oi>erat^)r 
who  is  not  possessed  of  *  tive  thumbs.'  In  order  to  wash  out  the 
remains  of  the  l)l(>od  the  pohit  of  the  cai)illary  is  drojJiied  into 
the  diluting  fluid ;  the  bore  instantly  Alls  itself.  It  is  then  with- 
drawn and  the  pressure  and  rotation  of  the  ni])ple  are  rejieattHl. 
This  has  to  l)e  rej)eated  several  times,  and  occupies  a  few  seconds 
of  time.  It  has  been  suggested  that  a  certain  amount  of  error  is 
introduced  by  measuring  the  diluting  fluid  in  a  pipette,  tin*  iiuier 
surface  of  which  retains  some  moisture ;  this  is  extremely  small  in 
amount  if  the  ])ipett(»  is  emptied  slowly,  and  comparative  readings 
with  the  Thoma-Zeiss  apparatus  show  that  the  error  is  negligible. 

"To  mix  the  blood  and  diluting  fluid  thoroughly,  the  mixer  is 
placed  l>etween  the  opj)osed  hands,  which  are  rubbed  backward  and 
forward;  the  mixer  is  rotated  thereby,  and  the  glass  globules  cause 
a  thorough  (lisi)ersion  of  the  corpuscles  in  the  fluid. 

"  A  drop  of  sutficient  size  is  then  placed  ujmhi  the  counting 
<;hamber,  and  the  cover-slij)  is  slipj)ed  on  sideways  in  the  usual 
way.     I  prefer  the  Thoma-Zeiss  counting  chand)er. 

"The  advantages  of  this  method  are: 

"  1 .  The  ease  and  thoroughness  with  which  the  pi|)ette  can  be 
cleaned. 

"2.  The  manifest  advantage  of  the  self-measurement  of  the 
blood. 

"3.  The  avoidance  of  the  ol)jectionabh»  necessity  of  using  the 
mouth  to  siu^k  fluids  into  the  pi]»ette. 
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'^  4.  The  measurement  of  the  diluent  can  be  done  carefully  and 
calmly  bef  orehand,  and  any  error  corrected  without  taking  any  more 

blcMKl. 

"  5.  The  greatly  smaller  cost  of  the  pipette. 

*'  <>.  The  same  pipette  is  useful  for  making  various  dilutions  in 
serum  diagnosis,  by  using  several  mixing  vessels  filled  beforehand 
with  dilute  fluid." 
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EXAMINATION. 

Oliver's  H.«mocytomkter. 

Recently  a  method  of  estimating  corpuscles  by  means  of  their 
optical  effect,  and  without  directly  coiuiting  them,  has  been  intro- 
duced by  Dr.  Oliver.  For  practical  purposes  an  actual  counting  of 
the  corpuscles  must  be  considered  a  necessity ;  not  only  since  the 
number  of  leucocytes  is  not  without  importance  («.y.,  in  the  diag- 
nosis of  enteric  fever),  but  also  since  these  cells  may  be  so  abundant 
that  they  may  iuterfei-e  with  the  use  of  optical  methods,  as  in  the 
case  of  leukaemia.  Nevertheless  the  instrument  is  veiy  accurate 
and  useful  in  many  cases.  Its  principle  is  based  on  the  fact  that 
if  a  small  quantity  of  blood  is  gradually  diluted  with  Hayem's  solu- 
tion' in  a  test  tube  whose  sides  are  flattened  so  that  its  mouth  forms 
a  rectangle  about  15  mm.  by  5  mm.,  and  a  candle  flame  is  looked 
at  through  the  mixture,  there  is  to  be  seen,  when  a  ceiiain  defjree  of 
dilution  is  reached^  a  bright  horizontal  line  on  the  glass.  This  line 
is  made  up  of  a  large  number  of  minute  images  of  the  flame,  pro- 
duced by  the  longitudinal  striation  of  the  glass.  If  the  quantity 
and  (piality  of  blood  used  are  in  every  instance  the  same,  the  degree 
of  opacity  depends  wholly  on  the  amount  of  Hayem's  solution  added. 
It  is  found  that  with  nonnal  blood  the  amount  of  diluting  solution 
necessai-y  to  allow  the  image  of  the  candle  flame  to  be  seen  through 
the  mixture  is  always  the  same,  and  can  be  very  accurately  fixed,  so 
that  a  variation  of  one  ]>er  ce^nt  in  the  number  of  corimscles  can  be 
distinguished  by  noting  the  amount  of  diluting  solution  which  must 

*  Hydrargyri  perchloridi 0.5  gm. 

Sodii  chloridi 1.0    ** 

"     sulphatis 50    ** 

Aqua*  ilestillatffi 200.0  c.c. 
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be  a(I<Wd  before  the  uii^e  of  the  flauie  appears.  To  collect  the 
blood,  Oliver  uses  a  capillary  pii>ette  cotitaining  ab^mt  10  e.niiii.  (one 
large  ilrop),  ajid  used  exat-tiy  iii  tiie  same  way  as  the  v.  Fleischl 
capillary  [jipftte  (see  Fig.  lli). 

One  pi|)ette  full  of  iioMiial  blood  in  gradually  diluted  in  the  flat- 
^item'd  tubf  with    Iliiyein's  solution  until  a  bright  horizontal   line 


iplllunr  pipetle-  M, 


r  thet 


cau     1  ly  t)  a        f  U     H  In;     tu  bl     through  the 

m    t  n      I       t  t         h    h    tl  1  m        f   Ih     in    ture  t>    t 

ah  k   I  HtU   a    I  th      pat    bet  tl    t  p  uit  and  tl  e 

1  tt  t  tl  t  be  1  1  1  t  100  1  1  1  t  Th  p  t 
marked  100  is  tlien  equivalent  to  .V""*.""**  i*d  corpuscles;  90  = 
4,500,000,  80  =  4,000,000,  and  so  on,  eairh  degree  on  the  scale 
coiresponding  to  a  ditfereiie*  of  50,000  corpuscles  (Fig.  12). 

fas  uf  0/ii-rr'»  Hmnm^i/tomfter. 

The  oapillajy  pipette  is  tirat  thoroughly  cleaned  and  dried  by 

(sing  through   it  a  needle  and  thread  saturated  with  water  sTid 

then  with  alcohol  and  ether.      It  is  then  tilled  in  the  usual   way, 
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■od  the  outside  farefiillj-  and  qiiifkly  wijied  if  neifssavy.  The 
tuediciiu*  drojiiiei'  (previously  tilled  with  Hayeui  solutifjti)  is  then 
connected  with  the  polished  blunt  end  of  the  pii>ettti  by  means  of 
tliB  rubber  tube  (Fig.  12),  and  blood  washed  into  the  test  tube, 
SjHJed  ifl  essential,  else  coa^rulatinn  occurs.  If  the  previous  ba-uio- 
globin  estimation  has  shown  ninety  to  one  hundred  per  cent  of  color- 
iug  matter,  we  eaii  safely  add  the  diluting  nolutiou  lapiiUy  until  the 
point  marked  80  is  leached 
If  the  (oliiiing  matter  is 
lower  we  must  leaii  our 
rapid  dilution  (oius])c)Tid 
iiigiy  sooner  When  we  i,et 
n«ar  the  point  >it  whuh  the 
fltune  image  is  likely  to 
appear,  the  diluting'  fluid 
must  be  aildeil  a  few  lii'ops 
at  a  time,  ,\lteri'iicii  aildi- 
tioii  put  the  ihiinib  i>ver  the 
mouth  of  the  tube  and 
turn  it  upside  down  onee 
or  twice  to  »ii,\  the  blooil 
thorouglily,  wipiuf;  the 
thumb  each  time  on  lln' 
edp-  of  the  tul»-  so  as  to 
put  back  what  fluid  lias  ad- 
hered to  it.  .\t  a  eerUiin 
point  the  imiige  will  sud- 
denly liewme  visible.  It 
is  seen  soonest  if  we  rotate 
the  tube  on  its  long  axis, 
as  the  imaj;e  becomes  visible 
earliest  at  the  sides  of  the  tube,  but  dilution  should  be  continued 
drop  by  dro]i  until  the  horizontal  luie  of  light  is  just  visible  aeroBS 
the  short  diameter  of  the  itil>e.  'i'he  appeai'anc*  of  the  incomplete 
line  at  the  sides  is  a  couataiit  forerimner  of  the  ciimplete  transverse 
line,  and  should  put  one  on  one's  gtiaiti  as  very  idose  watching  is 
ueoded  to  reeogniiw  it  without  overstepping  the  ntH-essary  dilution. 
The  tiparity  remains  uniform  for  many  minutes.  The  whole  process 
should  In-  I'aitied  on  in  a  ]iei-fei'tly  dark  room,  and  the  diffused  light 
of  the  candle  must  iie  shut  off  froui  the  eye.     This  is  best  done  liy 
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titting  the  tiibe  JtiUi  the  liaud  as  shown  la  Fig.  13  with  the  long  axis    ^^M 

in  line  with  caiidW,  holding  the  tube  <-/o,w  to  t/.<-  rye.  and  standing     ^H 

about  ten  fi-et  from  the  eandle.     In  the  use  of  both  uf  his  instruments     ^^| 

Oliver  employs  only  the  small  wax  eandle  known  as  Christmas  ean-    ^^| 

dies,  whose  flaim-  is  uf  the  most  t'onrenient  size.                                         ^^| 

After  some  experience  with  this  instrument  I  find  it  simple,     ^^| 

meeurat«-,  «ye-saving,  and  ra]iid.     The  whole  teRt  can  be  made  in     ^^H 

five  minut4?s.     Its  only  drawback  is  the  Lniiiossibilitj'  of  makingany     ^H 

rBtimaU*  of  the  white  eorpuHoles  with  it.     Dr.  David  1>.  .Scannell     ^H 

wade  in  IBiW  ■  a  series  of  obser\-ation  on  i>atient«  iu  my  clinic,  to     ^H 

test  tlie  atr(mra<!y  of  tlie  instrument  when  eompared  with  aetnal  counts     ^^| 

made  with  the  Thoma-Zeiss  apjiaratus.     As  will  l>e  seen   by  the     ^H 

aceom|ianying  table,  his  results  showed  that,  exclusive  of  leukemic     ^^| 

caseA,  the  difference  ui  the  readings  of  thi^  two  instrument'^  was     ^^| 

from  4,000  to  74,000  red  eeUs,  an  average  of  36,000.     This  implies     ^H 

Ml  error  of  less  than  one  \^t  cent,  granting  tliat  tlie  Thimia-Zeiaa    ^^| 
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instrument  was  exactly  connect  in  each  case.     In  many  of  these 
cases  I  verified  Dr.  Scannell's  readings  and  counts. 

Dr.  G.  W.  Fitz  finds  that  the  degi-ee  of  dilution  necessary  to  make 
the  bright  horizontal  line  appear  corresponds  with  fifty-two  cor])us- 
cles  to  every  thirty-six  squares  of  the  Thoma-Zeiss  counter.  This 
means  that  if  a  droj)  of  the  mixture  be  placed  on  the  Thoma-Zeiss 
counting  chamber,  just  after  the  bright  line  appears,  fifty-two  cor- 
puscles are  to  he  found  in  thirty-six  squai*es.  If  more  or  less  are 
found  the  dilution  has  been  proportionally  incorrect. 

Thk  Hematocrit. 

The  hsematocrit  of  Hedin  has  undergone  considerable  modifica- 
tion and  inij)rovement  and  as  remodelled  and  improved  by  Judson 
Daland  has  l)een  used  to  some  extent  in  this  country.  Its  direct 
and  obvious  object  is  simply  to  ascertain  the  relative  volume  or 
mass  of  the  cori)uscles  and  of  the  plasma  in  a  drop  of  blood ;  but 
the  hope  of  its  advocates  has  usually  been  that  it  would  supplant 
entirely  or  mostly  the  long,  tedious,  and  eye- destroying  process  of 
counting  with  the  Thoma-Zeiss  instiniment. 

To  use  the  Daland  haematocrit  we  i)rick  the  ear  as  usual  and 
with  the  help  of  a  bit  of  rubber  tul)e  attached  to  one  end  of  the 
capillary  tube  (Fig.  14)  suck  in  enough  blood  to  fill  it  entirely. 

As  soon  as  it  is  full,  put  the  finger  (greased  with  vaseline) 
tightly  over  the  free  end  of  the  glass  tube  and  then,  biit  71  of  fill  then, 
draw  off  the  rubl)er  tube  and  adjust  the  glass  as  quickly  as  possible 
in  the  plaice  prepared  for  it  on  one  of  the  horizontal  arms  of  the 
whirling  machine  (Fig.  14).  A  similar  tube  (empty)  should  be  j)ut 
on  the  other  arm  of  the  crosspiece  to  make  the  balance  true.  The 
handle  of  the  instrument  is  then  revolved  at  least  seventy  times  a 
minute  for  two  minutes,  at  the  end  of  which  time  (sometimes  less) 
the  column  of  blood  cells  is  packed  so  tight  that  no  further  whirling 
has  any  effect  on  its  length. 

To  estimate  the  number  of  i-ed  corpuscles  from  the  length  of  the 
column,  we  call  each  degi-ee  of  the  scale  on  the  tube  100,000  cells, 
or  a  little  more.  Thus  if  the  blood  column  in  the  tube  ends  at 
about  the  mark  50,  we  consider  that  the  blood  has  rather  more  than 
5,000,000  red  corj)uscles  per  cubic  millimetre.  So  far  all  observers 
agree  on  the  figures,  but  as  to  just  how  much  more  or  less  than 
100,000  each  degree  on  the  scale  is  worth  thei'e  is  some  variation 
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betwi>«ti  iliffeifnt  obwrvera.     Dalaud'  liiuls  that  the  degreeoftbe 
8Cal«  on  the  cajiilUry  tube  corri'siJOiidB  tii  uy,.'190  corpuscles, 

8y  far  iiM  1  i-kii  li-iini,  lln-  iisi-  nf  this  iiistruiutriit  in  Eur<Ji)e  has 
beva  chirtly  inr  tli--  liin-ct  iiiJormatinu  it  aiFords  as  to  the  roliimr  of 
tilt;  rvd  uells  uiid  the  amount  of  k- 
Hpiratory  mirfaire  in  the  blooil,  rather 
thau  for  the  indirect  information  it 
UMy  give  us  as  to  the  niimfiiT  of  tliR 
r«d  c^IIh.  It  does  not  seem  as  yet  to 
In;  H)i)ii<laiitinj;;  the  Tlkoma-ZeisB  coun- 
h'l. 

Its  bulk  and  the  noise  it  makes 
muKt  for  the  )iresent,  I  think,  prevent 
itfl  fxtenaive  uiw  outside  uf  huspitalH. 
The  noise  it  tiiakea  in  a  very  load  and 
ilisiignt-able  one,  and  will  deter  many 
from  using  it  in  private  practice. 

H-EMIHtLOBIS    EsTlMATHtX. 


1.  Tallijvist's  Ilaeiuoglobinometer. 

2.  Diire'rt 
:i.  Oliver's 


Ha.  H.-iiwiai»r> 

(■plll*^  lulM  Id  plif*  im  Uv  Uiitl- 
ftinUJ  whlrlliut  l"«ni.  TTi^  Intlru. 
omit  li  til  I*  fulranl  In  Uir  oltnr 
of  wmr  HiUd  and  hulkT  p)*"  •'t 
lurtiUuiv  ti>  niiviH  uf  Uw-  Uiuralr- 

U  in  mf  lUbUr  wiunL  II  will 


■iniiMtr. 


4.    V.  Kleischl's 

Until  reifiitly  the  instnimeiit  most 
used  both  here  and  in  Euioih'  wrs  tiiat 
of  V.  Kleischl.  In  Frauiv  Hayein  rules 
HUprcme  in  the  matter  of  inntrumentSf 
as  in  everything  else  concerning  the 
bliHHl,  and  In  England  Oliver's  apparatus  in  used  to  a  oertain  ex- 
U-tit.  Witliin  a  year,  however,  a  contrivance  originated  by  Tall- 
qviHt '  ban  come  into  use  and  deservcH,  in  niy  judgniPiit,  to  sup- 
plant all  others  in  clinical  work.     T  shiill  therefore  describe  it  first. 

/.    Ti'll'/i'iiit's  Jlmnii'/lMnomrter. 

A  drop  of  nndilnt^^d  blood  is  soaked  into  a  bit  of  filter  paper  of 

■tiuidard  quality  and  ctiuiiiared  (by  ordinary  reflei^led   daylight) 

with  a  paper  color-scale  of  ten  tints,  ranging  from  ten  per  cent  to 

'riiivrrsity  M.-ii.  Mag  .  NV.v.ml«r,  IWI 

*Tsll'|vlM,  Si.  I-uuI  .M.-.L  .)..iir,.  Mmv.  IWXp. 
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one  hundred  per  cent.  The  scale  was  prepared  by  imitating  in 
water  color  the  tint  of  the  blood  of  anaemic  patients  (using  the  v. 
Fleischl  instrument)  when  soaked  into  the  standard  filter  paper. 
The  water-color  standard  colors  were  then  reproduced  in  lithograph, 
and  the  lithographed  scale  bound  up  with  fifty  sheets  of  the  stand- 
ard filter  paj)er  makes  an  apparatus  which  can  be  easily  slipped  into 
the  pocket  and  carried  to  the  bedside. 

In  making  the  comparison  the  blood  stain  is  put  against  a  back- 
ground of  white  filter  paper  beside  the  color  scale,  and  moved  along 
until  a  match  is  found.  The  com))arison  should  be  made  as  soon  as 
the  stain  has  lost  its  hiuuid  gloss,  and  before  it  is  thoroughly  dry. 
Artificial  light  cannot  be  used.  Errors  of  ten  per  cent  are  possible, 
but  it  is  my  belief  that  far  greater  errors  than  this  are  frequently 
made  with  v.  Fleis(;hl's  or  Oliver's  instrument  in  the  hands  of  the 
great  majority  of  physicians.  Tallqvist's  scale  costs  but  $1.25, 
and  can  be  used  by  any  one  with  sufficient  accuracy  for  practical 
purposes,  and  with  a  (relerity  that  makes  haemoglobin  estimation  no 
more  of  an  undertaking  than  feeling  the  pulse.  1  have  used  the 
instrument  in  several  hundred  cases,  and  have  never  yet  been  mis- 
led by  it,  nor  found  a  greater  error  than  ten  per  cent  in  compaiison 
with  Oliver's  instmment. 

11,   Dart*\*< '   Hannofjlohinoineter. 

This  excellent  instrument  is  undoubtedly  more  accurate  than 
Tallqvist's,  and  would  be  preferable  to  all  others  but  for  its  cost 
($20),  its  bulk,  and  the  time  necessary  to  make  an  observation  and 
to  clean  the  parts. 

As  in  Tallqvist's  method,  undiluted  blood  is  used,  and  this  con- 
stitutes an  advantage  over  both  v.  Fleischl's  and  Oliver's  instiii 
ments.     The  blood  is  drawn  by  capillary  attraction  into  the  slit 
l)etween  two  slabs  of  glass,  one  transparent,  the  other  translucent 
and  whit«»,  so  as  to  diffuse  the  light  used  for  illumination. 

The  color  of  the  blood  is  then  compared  with  different  portions 
of  a  circular  disc  of  colored  glass  revolved  by  means  of  a  thumb 
screw  so  that  different  tints  are  successively  brought  side  by  side 
with  the  blood  tint.  Transmitted  light  from  a  candle  is  used  for 
illumination,  and  the  observation  is  made  through  a  telescoj)ing 
camera  tube  excuding  all  extraneous  light.  As  we  tuni  th**  screw 
and  bring  different  tints  of  the  glass  standard  into  comparison  with 

'  Philtt.  M(mI.  Jour.,  OcIoIkt,  1900. 
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the  layer  of  uudiliitfd  lilood,  the  itercciitage  of  htenioglobin  oao  h 
read  off  from  tlieetcUed  s<;alf  wliiph  apiieai-s  at  a  point  tipposite  t" 
color  apjif  rtui'e,  'Flic  sharply  bevelleti  edge  of  the  opening  rest 
directly  over  the  reailing  indicated.  A  jiivoted  black  screen  pro 
teetsthe  observer's  eyes  from  thedii-ectlight  of  the  (handle,  and  n: 
occasioiially  be  brought  over  the  color  apertures  so  as  to  rest  the  e 

The  instrument  is  su  made  that  blood  tilm  and  standard  ooloi 
disc  are  viewed  side  by  side  in  a  horizontal  plane  thnmgh  two  ir 
cular  holes  fi  imn.  in  diameter  which  ai-e  considerably  magniHed  b 
a  lens  in  the  telesooping  camera  tulie. 

In  using  the  instrument  we  need  no  dark  room — a  great  advaa^ 
tage.  The  instrament  is  simply  pointed  at  some  dark  surfafw— 
dark  coat  or  corner.  In  or<ler  that  the  blood  and  the  color  diso 
should  b€'  equally  lighted,  it  is  essential  to  see  that  any  curve  that 
exists  in  the  candle  wick  should  jioint  straight  towan.1  or  away 
from  the  centre  of  the  instrument  in  line  with  the  juncture  of  tht 
springs  which  support  the  candle. 

The  reading  should  be  c<jmpletcd  l>efore  the  blood  tilui  liegins  tflil 
shrink  in  from  the  edges,  i.'-.,  within  ten  minut*-,'*. 

The  advantages  of  Dare's  instrument  are : 

1.  Its  accui'acy;  uiting  undiluted  blood  and  making  allowance  ai 
it  does  for  the  <Hdor  curve,  it  is,  I  believe,  more  accurate  than  I 
other  clinically  available  instrument. 

2.  Ijcucorytosis  does  not  disturb  the  reading  (as  it  does  in  t.1 
Fl^schl's  instrument). 

3.  The  errors  and  waste  of  time  incident  u|)on   dibit 
avoided  since  the  instrument  uses  undilute^l  blood. 

4.  No  dark  room  is  neeiled. 
li.   It  can  lie  used  and  cleansed  much   moi-e  ipiickly  than  aiiyfl 

otJier  instrument  except  Tallq\'iKt'M. 

My  reasou  for  preferring  TaHqvist's  instrument  despite  theM'l 
merits  of  Dare's  are : 

1 .  Because  accuracy  greater  than  that  obtainable  witli  Tallqvist'8  J 
■ostnuncnt,  is  seldom  practically  important. 

2.  Because  an  observation  can  be  made  with  Tallijvist's  liwmo-J 
globinomi^-r  in  about  one  one-tenth  of  the  time  needefl  for  nsuiKi 
any  other  instrument,  /.'■.,  in  about  twenty-five  secontls. 

3.  BeMinse  the  Talliivist  instrument  takes  so  little  room  i 
needs  no  cleaning  or  preparing  for  use. 

4.  Hecause  it  is  so  eheaji. 


HEMOGLOBIN  ESTIMATION.  35 

///.    Oliver^ s  H(rm.oglohinometer, 

Oliver's  instrument  corrects  two  errors  which  are  inherent  in  v. 
Fleischl's. 

1.  It  has  no  sliding  scale  of  color,  but  compares  the  blood  tint 
successively  with  definite  tints  of  glass,  each  of  which  is  even. 
The  tints  are  worked  out  to  correspond  to  the  specific  dilution 
curve  of  blood,  for : 

2.  Since  every  colored  liquid  changes  color  at  a  diffei-ent  rate 
when  diluted,  the  dilution  curve  of  hlowl  does  not  corresj)ond  to 
that  of  fjlass  (which  l)ehaves  in  this  respect  like  a  liquid).  The 
glass  wedge  of  v.  FleischPs  instrument  represents  a  single  c^lor 
regularly  diluted  and  does  not  correspond  in  its  degrees  to  the 
colors  of  blood  diluted  at  a  similar  rate.  The  scale  of  Dr.  Oliver's 
instrument  is  measured  to  correspond  to  the  actual  colors  of  the 
blood's  dilution  curve,  by  means  of  the  tintometer. 

In  other  respects  the  principle  of  the  instrument  is  like  v. 
Fleischl's,  and  the  method  of  using  the  two  is  practically  the  same 
except  that  in  Oliver's  reflected  light  is  used  instead  of  transmitted 
light.  Oliver's  instrument  consists  of  a  series  of  twelve  thited  glass 
discs  corresponding  to  the  haemoglobin  i)ercentages  from  10  to  120 
and  arranged  in  two  rows  (see  Fig.  15,  a).  The  intermediate  degrees 
are  measured  by  means  of  "  riders  "  of  colored  glass,  which  can  be 
laid  on  top  of  the  primary  color  discs  so  as  to  deej)en  the  tint 
seen. 

The  capillary  pipette  (Fig.  lo,  h)  is  somewhat  stouter  than  v. 
Fleischl's,  but  is  used  in  the  same  way  to  collect  the  blood,  which  is 
then  forced  out  of  it  with  water  from  a  medicine  dropper  (which  is 
fitted  with  a  rubber  tube  to  slip  over  the  blunt  end  of  the  pipette) 
(Fig.  15,  c)  and  washed  into  a  mixing  cell  (Fig.  15,  d)  similar  to  v. 
Fleischl's,  except  for  the  absence  of  a  central  partition.  Here  the 
blood  is  mixed  in  the  usual  way  with  water  and  the  cell  filled  to 
the  brim  and  covered  with  a  small  glass  plate;  a  bubble  always 
forms,  but  by  turning  the  cell  or  moving  the  cover-glass  we  can 
usually  get  the  troublesome  shadow  thrown  by  the  bubble  out 
of  the  color  field.  The  blood  thus  prepared  is  brought  close 
to  the  scale  and  there  compared  with  the  tint  of  the  different 
standard  color  discs.  If  it  matches  one  of  them  the  observation 
is  complete;  if  not  we  use  one  of  the  glass  riders  which  enables 
us  to  read  within  two  and  a  half  degrees.     A  fuller  set  of  riders 
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call  be  obtained  no  aK  to  luaki'  it  i)08»ibli>  to  read  down  to  one  ^ 
cpnt. 

Tlit^  staudanl  is  usually  arranged  for  randle-light,  but  another  I 
eet  of  dis«»  c!^«  be  obtained  jidjusted  in  dayliglit  reatliiigii.  Th«  1 
latt«r  are  Ifss  accurate.  The  aaiiie  ])i-eeautioiis  aa  tu  the  exclusion  of  1 
outer  light  by  means  of  a  "  hydmaeojie  "  tube,  i-esting  the  eye  £re-  I 
quently,  etc.,  must  be  observed  with  tliis  instrument  as  with  v, 
Fleischl's.     [It  fan  be  obtaint-il  of  J.  H.  Smith  &  Cie.,  Zurich  | 


(Wollishof ten ),  for  115  fraius  jdns  duties  and  exptessage,  or  of  the   I 
Tintometer  Coiupany,  li  Karringdou  Avenuf,  London,  £.  C.j     Thfl 
candle  should  be  ]i1aeed  three  or  four  inches  from  the  instrument 
and  arranged  to  light  both  the  blood  and  the  color  diNCH  alike. 

A  word  as  to  the  use  of  the  riders.  Tlie  iustniment  as  used  for  i 
clinical  work  usually  has  two  riders :  the  one  ha\-ing  the  dee))er  ttitt 
is  used  on  the  upper  half  of  the  scale,  the  other  <iii  the  lower. 
Suppose  we  IiHVH  dmded  that  tlie  blood  color  is  between  (iO  and 
70.  I'ut  the  rider  on  the  60  disc  and  compare  again.  If  the  blood 
!••  darker  thiui  the  IV*  diw  jdus  the  rider,  the  percentage  is  approxi- 
inat<'ly  (i7|  (siucc  it  is  higher  thiin  tiO -f-  .1  [the  rider]   and  lower 
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tban  70).  If  it  juBt  ntatehes  the  <>0  plus  its  rider,  tbe  reodiug  is  65, 
If  tlie  blood  is  paler  than  tliiH,  yet  darker  than  fiO,  it  is  about  62^. 
An  error  of  about  2  degrees  is  obviously  inevitable. 

ir.    I'ge.'fr.    Fli-U'-hl-s   l!.^m..<,M.-^. 

(a)  Fill  on  one  side  of  the  metallic  fell  (o,  Fig,  17)  about  one- 
quarter  full  of  distilled  water.  I'ut  thfi  end  of  the  little  jiipette  (B) 
horizontally  into  the  side  of  the  blood  droii,  which  will  at  once  fill 


the  tube  by  capillary     t    d  yu    kl     w  p     aw  j    ai  y  blood 

that  may  be  on  the  o  ts  I      f    h     p  pe  t«       I  h  n  put    t    nto  th 
water  eontaiaed  in  oi       f  th    j  art,  ti  na    f  tl  all         II  an  1  ra 

tie  it  ([uii^kly  bank  and  forth,  so  that  the  water  may  be  forced  in 
first  at  one  end  and  then  at  the  other. 

(Ii)  After  this  tlie  expulsion  of  the  blood  may  be  completed  by 
forcing  water  from  a  medicine  dropper  through  the  capillaiy  pipette 
aud  into  the  compartment  where  the  mixing  has  been  begun.  Using 
the  metal  handle  of  the  pipette,  mix  the  bkjod  and  water  in  every 
part  of  the  compartment.  Then  till  lioth  comjwrtments  of  the  cell 
to  the  brim  with  di.stilled  water,  aud  adjust  the  cumpartment  con- 
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taining  the  clear  wat«r  ho  that  it  comes  over  the  Blip  of  colored  1 
gluKS,  whilu  through  the  eoinjmrtuieiit  (containing  the  blouil  light 
throwu  iipwanl  by  the  reflector  below  passes  directly  to  the  eye. 
Turn  the  thumb  siirtiw  (sec  Fig.  17,  7)  liiwk  ami  forth  until  the  i 
color  of  the  glass  i»  the  same  us  that  of  the  blooJ,  ami  I'ead  off  the  ' 
number  uu  the  scale  which  I 
A  J^  poiTesiKmds    to    that    color. 

A  k  This  gives  the  percentage  of 

//   l\  Inemoglobin,    100  l)eing    th«   | 

//      \\  color  of  normal  blooil  for  mea 

'  /         \  \  and  80-90  for  women. 

'  {(•)  A/mr/iinif  t!ii' r-nhrg  is    I 

nut  at  all  easy  at  best,  but    I 
Q  may    be  somewhat   aided   by 
observing  the  f(dl owing  pii>- 
cautioim : 

1.   /).,    ii'.f    sOimt  {'■>■  sit) 
fttrinif  fhe   li;//if,  liul  niilririii/g 
„  (*.'•■,  at  A  or  h,  never  atC, 

V/  Fig,    18),     iiy  sitting  a»  in    ' 

no.  ix.-L.  Uitbi:  A  Sim  H.  ntiii  iKBitioiu  tor  Fig.  IB,  A  or  U,  we  get  the    ' 

we  are  tii  uiatt'h,  on  the  right 
and  left  halves  of  the  retina,  which  are  equally  sensitive  iji  most   , 
persons. 

2.  Vti  a»  Htllf.  ii'/hf  <m  /losgHiir,  and  always  less  light  for  a  blood 
having  a  low  hiPlnoglohin  [lercentagi!  than  fur  one  nearer  the  normal. 

.1.  Roll  up  a  piff*  nf  paprr  {  pftftsmMtf  binrk)  int'i  a  tulie  of  such 
size  that  it  will  lit  over  the  metallic  cell  (D,  Pig.  18),  and  rest  nn 
the  platform  of  the  instrument.  Looking  t/iroiir/h  tbU  with  one  eye 
we  ran  judge  the  color  more  accurately. 

4.  I'ni-Jirtt  one  ei/e  and  tkftt  the  oth^r,  ninl  vrvr  look  more  than 
afrii-  »rr,onil$  "t  n  time. 

5.  More  the  thiimli  nereir  vith  rhnrt,  quiek  turn*  rathtr  than 
tlowlif  antl  ijvidaitlly,  for  sudden  color  changes  affect  the  retina 
more  than  gradual  nnrs. 

6.  If  the  preliminary  reading  shows  one  of  thirty  per  cent  or 
less,  two  or  three  pii>ettes  full  of  blood  Hhould  be  used  and  the 
reading  divided  by  2  or  3.  A  eonsi<lerabIc  error  can  thus  be 
avoided. 
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.V,v,...„.y  Err: 

A  p^naiderable  error  is  absolutely  necessary,  inasmurh  as  the  bit 
of  eiiloivtl  i^lass  to  be  seen  at  any  one  time  through  the  apernire  of 
the  inatnuuent  is  not  (like  the  blootl)  all  o(  o 
tint,  hut  includes  a  I'uri'itinn  of  twmty  pt-f  v 
ill  fii/iii;  i.i-.,  if  the  glass  aiijwaring  at  one  end 
of  the  apertuif  is  opposite  50  on  the  scale,  that 
seen  at  the  other  end  of  the  aperture  will  either 
be  at  .SO  or  at  70.     This  diffinilty  is  somewhat 
lesseneil  by  shutting  off  from   view  all   but  i 
small  section  of  botli  compartments  with  a  bit  of 
blatik  (>ardbiiard  or  metal  in  which  a  slit  ii 
as  ill  Fig.  19.     The  Nlit  is  put  at  right  angles 
to  the  partitiou  which  divides  the  cell  so  that 
the  blood  tint  is  seen  at  li  and  the  glass  tint  at  ii:  *""  ^-  ''""■''"■  ***■ 

Many   persons  are  not  sensitive  enough  to 
colors  to  attain  any  reasonable  degree  of  accuracy  with  the  instm- 
meiit,  and    there    is  mowover  a  very  eonsidei-able  difference  be- 
tween different  instTuments  in  respect  to  the  color  of  the  glass 
slip.' 

All  these  difficulties  render  the  instrument  an  unsatisfactory  one 
in  many  ways.  Its  bulk  and  expense  are  also  consideralile  and  in 
my  opinion  its  nse  should  be  entirely  al)andoned  in  favor  of  Tall- 
qviet's  or  Dare's  iustmment. 


igh  the  apernu'c  of 


— shlpui  tor  U«8 


ESTIMATISH    THE    SpEi;!?"; 


/ITV    OK   THK   lil.OOD. 


The  simplest  and  moat  available  method  for  clinical  use  is  that 
of  Hammerschlag,'  a  modification  of  Roy's '  method.  (;hloroform 
is  heavier  than  blood ;  benzol  is  lighter.  Mix  Lu  a  urinometer  glass 
such  quajitities  of  the  two  that  the  siJecitic  gravity  taken  liy  an  or- 
dinary urinometer  is  about  1059,  i.e.,  that  of  normal  blooil.  Punc- 
ture the  ear,  draw  a  drop  of  blood  into  the  tube  of  a  Thoma-Zeiss 
pipette,  a  small  medicine  dropjwr,  or  any  other  capillary  tulje,  and 
blow  it  out  again  into  the  chloroform-benzol  mixture.  The  blood 
doet  not  Hitr  'It  III!  with  these  liquids  but  floats  like  a  red  bead.     If 


'  01(1  iiistruniL'nW  read  lower  tliati  'Imsc 
'Wicn.  kliii.  Wwhensclirirt,  iii..  KIIH,  i 
*  PniL'iH-'diiips  of  PbysioUiglf^i  Society, 
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it  sinks  to  the  bottom  add  uhlurufunn,  if  it  rlttcs  to  the  top  add  ^ 
t)eiizul,  iiiitil  finally  tlie  divp  ifutaiiis  stationary  iu  the  Ixidy  of  tho  j 
liquid,  showing  that  it«  specific  gravity  is  just  that  of  the  surround-  ( 
iug  mistiire.  Then  take  the  specific  gra^^ty  of  the  liquid,  aa  we  do 
of  urine,  and  you  have  the  H|>e<.'itic  gi-avity  of  the  drop  that  floated  | 
in  it.     The  following  precautions  are  needed: 

1,  Have  the  inside  of  the  uriuoiueter  glaea  perfectly  <lry  and  1 
clean;  otherwise  the  drop  of  bloml  may  eling  to  it  and  flatten  out 
against  it. 

2.  It  is  usually  well  to  have  more  than  one  drop  of  bloud  in  the  J 
glass  in  case  any  inishnp  occurs  with  the  first  one. 

:i.  Add  the  (chloroform  and  benzol  a  few  drops  at  a  time,  and   | 
after  each  addition  stir  the  whole  mixture  thoroughly  with  a  gloi 
tod. 

4.  If  we  lia^f  reason  to  suppose  the  blood  will  Ite  li^^hter  tiiaa  i 
QDi'mal  ('.'■-,  if  the  lismoglobin  is  probably  low,  rlif''  nujim) 
saves   time   to  start   with   a  lighter  mixture  of  chloroform  and 
benzol. 

a.  Avoid  having  any  "('»•  within  the  blood  drop.     This  cjin  gen- 
erally be  seen  either  in  the  capUIar^-  tnbe  or  after  the  drop  is  in  tlic; 
mixture.     It  is  safer  to  take  tlie  midillr- juTt'iiin  of  the  bbxid  drawn   i 
into  the  capillary  tul)e,  as  both  the  first  and  the  last  portions  of  the  . 
column  are  more  apt  U>  have  air  in  tliem. 

5.  The  whole  process  should  be  done  aa  quickly  as  jKissible,  else 
the  chloroform  or  benzol  may  evaporate  or  work  into  the  blood  drop 
and  so  affect  its  weight. 

It  is  better  tt>  have  a  urinometer  with  a  scale  running  as  high*   | 
as  1070,  but  this  w  not  essential,  for  the  clinically  imjKirtant  spe* 
cific  gravities  are  tuu;  not  high. 

The  iuiiwrtiuiw  of  the  B)tecific  gravity  of  the  blood,  as  hinted 
above,  is  not  so  much  for  itself,  but  liecause  it  runs  parallel  to  the 
perwntage  of  liiemoglobin  and  gives  a  figure  fnnii  which  the  latter 
can  be  oompitt«'d. 

The  s[)eeific  giavity  of  the  blood  plasma  varies  very  little  (ex- 
cept in  dro/itif  from  any  cause),  and  in  the  corpuscles  themselves 
the  variable  element  is  the  htemoglobiu. '  Consequently  in  most 
Don-dropsical  patients  the  speiriHi^  graWty  of  the  whole  blood  varies 
directly  aa  the  hiemoglobin.  The  following  exceptions  to  this  rule 
must  be  l>onie  in  mind. 
'Kxccpt  tn  drripsy  iu  wUkli  tin-  curpiiBcli-s  llicuiselvt.i  muy  gv\  water  wink wJ. 
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1.  In  leukaemia  the  specific  graWty  is  relatively  higher  than  the 
hiemoglobin  on  account  of  the  weight  of  the  leucocytes. 

2.  In  pernicious  anaemia  with  high  color  index  (see  blow)  the 
haemoglobin  is  about  two  per  cent  higher  than  we  should  gauge  it 
to  be  judging  by  the  specific  gravity. 

To  estimate  the  percentage  of  haemoglobin  from  the  specific 
gravity,  one  of  the  following  tables  may  be  used,  modified  from 
Schmaltz,  "Pathologic  des  Blutes,"  etc.,  Leipsic,  1896,  using  a 
direct  weighing  method.  Apparently  a  degree  of  specific  gravity 
means  nmch  more  at  the  top  of  the  scale  (/.f*.,  6.6  per  cent)  than  at 
the  bottom  (1'^  per  cent).  This  table  has  been  verified  by  the  re- 
search of  Y2Lrrow  (I 'ft  h'f^rff  I  ft/  3fe(L  Mafj.,  1899)  through  compai'ison 
with  a  standard  solution  of  13.77  gm.  of  prepared  haemoglobin  in 
normal  salt  solution  (up  to  100  gm.).  It  appeal's  to  be  very  ac- 
curate. 


Spw.  (iruv. 

Ha'mofrlobin. 

Spet'.  (irav.         Haemoglobin. 

1030      = 

20  \m 

•  cent. 

± 

1049      =    60 

per  cent.   ± 
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80 

k. 

u 
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M                         M 
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u 

u 
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Study  of  the  Fixkr  Structitres  of  the  Blood. 

The  study  of  dried  and  stained  specimens  with  the  help  of  the 
aniline  dyes  gives  us  much  of  interest  and  importance  in  regard  to 
the  blood.  More  can  be  told  about  a  given  case  by  the  study  of  a 
dried  and  stained  cover-glass  specimen  than  by  any  other  single 
method. 


Prfpnrattnn  of  Cover- Glass  Specimens, 

(ft)  Covers  carefully  cleaned  and  polished  are  arranged  at  the 
bedside  in  such  position  that  we  can  quickly  pick  them  up  without 
touching  their  surfaces  (see  Fig.  1).'  The  ear  is  punctured  in  the 
usual  way,  and  one  of  the  cover-glasses  touched  to  the  summit  of 
the  drop  as  soon  as  it  emerges.     This  cover-glass  is  then  let  fall 

*  I  often  poise  them  on  corks  so  that  their  corners  are  readily  accessible  to 
the  lingers.  The  process  of  making  blood  tilnis  is  far  easier  if  anotlier  p(*rson 
prepai^s  the  drop  for  us  so  that  we  can  stand  n»ady  with  a  cover-glass  in  each 
hand  to  catch  tlie  drop  as  soon  as  it  emerges. 
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upon  another  in  such  a  way  tliat  their  corners  ilu  not  coincide  (Fig. 
20).  If  the  covers  are  dean  the  drop  spreads  iit  otire  over  their 
whole  surface ;  as  euou  as  it  stO|>M  K|ireadiiig,  slide  off  the  top  one 
vir/miit  liffimj  tlii'in  n/Hirt,  but  exactly  in  the  plane  of  their  surfaces. 
Have  a  t^  or  alcohol  Hanie  at  hand  aiid  dry  inHtantly  if  you  want 
to  get  the  very  best  8pet.>im«'ns ;  but  this  is  not  at  all  necessary  for 
most  rliiiic&l  purposes.  The  timlrr  mver-glass  is  always  better 
Bpread  than  the  n/ijirr. 

The  above  method  needa  a  good  deal  of  practioe.  (i)  An  ejisier 
way  of  preparing  blood  tilnis  is  as  follows : 

I'ut  a  moderate*  sised  drop  of  IiIihhI  on  a  glass  slide  (not  a  cov<>r- 
glasM)  ntiar  one  end.     Hold  aiiotlier  slide  (or  a  cover-glass)  against   ^ 


Fin,  Sl.-Sprmaing  Blood  oi 


the  first  in  the  position  showu  in  Fig.  L'l.  Move  the  slide  along  in 
the  direction  shown  by  the  arrow  so  as  to  spread  the  blood  drop- 
owr  the  whole  length  of  the  glass  aa  thinly  as  ]iossible.  Tlifl 
quicker  the  whole  prowss  is  performed  the  better  will  be  the  re- 
sults. AfU-T  drying  the  film  in  the  air  it  can  lie  fixed  and  stained 
as  below  described 

(<■)  Howaril  and  Pakes'  use  the  following  modification  of  Maii- 
Bon's  methwi ;  Blood  is  collected  on  a  bit  of  paiier  and  with  this  is 
spn^ait  along  the  surface  of  a  slide  or  of  a,  large  (1^  in.  by  J  in.) 
cover- glass. 

"  We  have  tried  various  kinds  of  tissue  paper  and  have  finally 
Ai-vepted  cigarette  paper  as  tlie  most  convenient.  Tliere  are  two 
small  points  to  be  noticed.  Firstly,  the  cdgt^'  useil  must  be  the 
original  machine-cut  edge;  and  secondly,  it  must  l>c  that  which  is 
parallel  to  the  rilm.  The  liest  paperfi  are  the  Tarleue,  or  the  Zig- 
zag, not  the  familiar  A.  <i.  papers.  Strips  are  oit  across  the  rib» 
BO  that  ftu-h  i*  about  half  an  inch  wide  and  as  long  an  the  original 
'  .Ir.iirniil  of  Tntpkul  Mwlirinc,  February.  \»m 
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cigarette  paper  is  wide.     Should  cigarette  papers  not  be  at  hand, 
ordinary  note  paper  may  be  used,  but  it  is  not  nearly  so  good. 

**  In  making  the  film  the  strip  is  held  between  tlie  thumb  and  iirst 
finger  and  is  lowered  till  the  under  surface  adjacent  to  the  machine- 
cut  edge  just  touches  the  droj)  of  blood  as  it  rests  on  the  skin,  and 
then  by  a  slight  lateral  movement  the  drop  is  converted  into  a  streak. 
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Fig.  88. 

as  in  the  dis^ram.  This  end  of  the  strip  is  at  once  laid  blood  down- 
ward on  one  end  of  the  cover-slif>,  the  other  end  being  still  held, 
and  the  blood  having  been  allowed  to  spread  out  between  the  paper 
and  the  cover-slip,  the  paper  is  slowly  drawn  along  the  slip  toward 
the  other  end.     A  fresh  strip  of  pai>er  should  be  used  for  each 

film" 

FljruKj  the  Films, 

These  films  have  now  to  be  fixedy  either  by  heat  or  by  half  an 
hour's  immersion  in  absolute  alcohol  and  ether  (equal  pai*ts),  or  by 
the  same  mixture  ('^  c.c.  each)  plus  five  drops  of  a  saturated  alco- 
holic solution  of  corrosive  sublimate  (five  minutes'  immersion),  by 
chromic  aciid  two  i)er  cent,  or  by  exi>osure  to  the  vapor  of  forty -five 
l>er  cent  formaldehyde.  I  have  used  all  these  methods,  but  found 
none  of  them  to  compai-e  favorably  with  the  method  of  heat  fixation 
when  we  wish  to  study  the  leucocytes  or  the  nuclei  of  any  cell. 

When  we  wish  to  see  chiefly  the  changes  in  the  red  cells  (as  in 
studying  the  malarial  organism,  nucleated  red  corpuscles,  degener- 
ative changes,  etc.),  the  alcohol-and-ether  method  is  good.  But 
when,  as  in  the  majority  of  cases,  it  is  the  white  cells  in  which  our 
interest  centres,  the  use  of  heat  is  very  greatly  to  be  ])refen-ed. 
Heat  serves  not  simply  to  fix  the  cells  on  the  glass  and  to  jirevent 
degenerative*  changes,  hut  also  to  modify  and  greatly  improve  the 
staining  power  of  the  cell  when  Ehrlich's  triacid  stain  is  used. 

The  method  of  fixation  by  alcohol  and  ether  needs  little  com- 
ment, the  cover-glasses  l)eing  simply  left  in  the  mixture  half  an 
hour  or  as  much  longer  as  is  convenient.     Half  an  hour  is  enough. 
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In  mo-t  oases  we  use  drj'  heat.  The  best  way  to  do  this  is  in  a 
dry-heat  sterilizer  at  a  temiK'rature  of  1 1 5'^ - irw5°  (\,  according  to 
the  size  and  eunstruetion  of  the  oven  and  the  kind  of  stain  used. 
The  t«*niiH*rature  must  be  watched  very  ch)8ely,  and  as  Hwrn  as  it 
ifacht's  the  desiivd  point  the  heat  shouUl  Ik*  removed.  Gradual 
heating  and  gradual  e(K)ling  are  l)est.  If  we  cannot  easily  get  access 
t<»  such  an  instrument,  we  can  manage  very  well  with  any  small  in»n 
or  copiM'r  box  having  a  dixa*  or  lid  and  a  hole  for  a  cork  which  is 
])erforatcd  for  tlie  thennometer  bulb.  This  supported  over  a  gas  or 
alcolnJ  tianic  chn^s  very  well.  It  needs  alxnit  live  minutes  to  gi»t  the 
tenijH'raturc  to  l.^O^  ('.,  and  as  s(H>n  as  it  gt*ts  there  the  s])ecimens 
should  1m*  taken  out.  The  thennomet-er  bulb  must  rest  as  near  as 
j)ossibl«*  to  tin*  iilood  films  without  actually  touching  them.  Ovens 
vary  a  g<HMl  dt-al  in  thi»  amount  of  heat  actually-  <*onveyed  to  the 
lilm  with  a  given  reading  on  the  thermonu't^r.  S(mu^  heat  the  tilni 
as  much  with  a  reading  of  1 1^^  ( '.  as  others  with  one  of  150'  (\  The 
proper  teni])crature  must  1h*  ascertained  oikv  for  all  by  exi)eriment 
with  each  oven.  The  same  end  can  1h»  acccmiplishetl  somewhat  less 
accurately  with  a  strip  of  copiM'r  supixu-ted  over  a  Hunsen  bunier  or 
a  small  gas  or  oil  stove.  The  cop|K*r  plate  should  l)e  al>out  a  ftxit 
long  anil  two  or  three  inches  wide.  Su<*h  a  plate  supported  on  an 
iron  tripod  ovi*r  a  Hann*  g«*ts,  after  a  few  minut4*s,  to  have  a  fixed 
temjH*rature  at  any  given  distance  from  the  tiame,  the  heat  pa.ssing 
off  at  \\w  «*nd  of  the  plate  as  fast  as  it  comes,  and  so  not  accumu- 
lating. On  thi>  j)latc  find  the  iM)iling  jMiint  of  water  by  dropping 
small  droj)s  «d*  water  on  it,  and  jMit  the  cover- glasses  at  this  point 
fart'  t/tumirtnt/.  Thcv  may  l)e  left  then*  for  from  tifteeu  minutes 
to  as  long  as  you  pleas**;  but  with  the  stain  which  I  have  us«m1,  tif- 
te(*n  minutes'  lH*ating  gives  as  goo<l  ivsults  as  a  longer  period,  an<l 
excellent  s|H*cimens  can  oftvn  l)e  made  with  tive  minut4»s'  heating.' 
After  allowinu:  the  siM*cimens  to  cool  they  an*  ready  for  staining. 
A  v»*rv  fair  oven  can   U*  umde  out  <»f  a  tive-ounce  quinine  can,  by 

'  With  u  liitlr  pnicticc  om>  can  Ichhi  to  iiiakc  excellent  s|M*<'inu'n't  by  sim- 
ply passing  I  111*  rover  ^^lass  ilirnii>;||  a  Huiiseii  or  alcohol  tiame  alMXit  twi'iity 
limes  vcr\  nipi<lly.  Tin*  nite  of  spccil  must  In-  Icanieil  l»y  experiment.  /./.. 
>'/#■//  a  »ip«i'il  and  *'"*//  a  tiiiiiilN*r  of  cxpoHim's  to  the  Hame  as  turns  out  In  irivc 
«in  stainiiii;  a  hriirlit  f/Jftnr  color  to  the  n-d  corpuscles  (/i#r*/'  n-il  or  hrown  or 
j;ra\  ).  a  itinmI  iletiniti(»n  to  the  blue  staitied  nuclei  and  to  the  violet  or  pink 
irmnules  of  the  pol\  nuclear  h'UctK'ytes.  Tliew  are  the  esm-ntiaU  of  a  well 
staim  (1  Hpecimen.  and  they  depi'ud  («/Hin  the  hetitin;:.  I'o  on  the  make  of  stain, 
but  only  sliirhtly  on  the  lenirth  (»f  stainin;^  (/-«(/<!  infni). 
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boring  small  holes  in  opposite  sides  and  drawing  through  them  oop- 
per  wires  on  which  to  support  a  piece  of  wire  netting  to  serve  as  a 
shelf  for  the  blood  iilms.  A  circular  hole  punched  in  the  top  of 
tbe  can  admits  a  perforated  cork  through  which  a  thermometer 
legistering  liOO^  0.  is  passed.  The  whole  is  heated  by  a  Bunsen 
burner. 

Staixixg. 

For  all  details  of  structure  vhe  Ehrlich  tricolor  mixture  or  one  of 
fhe  numerous  modilications  of  it  is  most  convenient.  The  most  use- 
ful and  easily  obtained  of  these  is  made  by  mixing : 

Satuiated  watery  solution  of  orange  G 6  c.c. 

•*  -  -        -  ^^1  f uehsin 4    ** 

To  these  add  a  few  drops  at  a  time,  shaking  between  each  addition 

SaturatfMl  watery  solution  of  methyl  green 6.6  c.c. 

Then  add : 

Glycerin 5  c.c. 

Absolute  alcohol 10    " 

Water. 15    - 

Shake  well  for  one  to  two  minutes.  Let  stand  twenty-four  hours. 
Do  not  filter.'     G.  Gnibler's  colors  are  best. 

I  have  used  only  this  stain  for  the  ]>ast  six  years,  and  have 
never  seen  any  other  which  compares  with  it  in  brilliancy  and  gen- 
eral usefulness. 

The  staining  process  is  remarkably  simple.  A  drop  of  the  stain 
is  simply  sprea<l  over  the  surface  of  the  cover-glass  sj)ecinien  with 
a  glass  roil  and  washed  off  again  with  water  after  five  minutes  or 
as  much  longer  as  is  convenient.  With  thU  mist  in-*'  if  />•  itifjtoimih/r 
to  overHtnin,  If  the  si>ecimen  look  too  dark  (brown  or  red  instead 
of  orange-yellow)  it  is  not  because  of  overstaining,  but  Iwcause  of 
underhentintj.  It  needs  a  good  deal  of  heat  to  bring  out  the  full 
brilliancy  of  the  three  colors,  and  the  100°-120''  i\  usually  recom- 
mentled  for  heating  is  entirely  insufficient  with  this  stain  unless 
continued  for  a  long  time. 

If  overheated  the  sj)ecimen  looks  i>ale  lemon  yellow  to  the  naked 
eye,  and  under  the  microscojK?  everything  is  blurred  and  dim.     Dr. 


*•  -  An  al)»olut<*1y  reliable  triple  «tain  from  Ehrlich's  latest  formula  can  1m» 

*        had  of  Walter  Dodd.  apothrcary  to  tin*  Ma^^sarhusetts  General  lIos])ital.     A 
d5-ccut  lM)ttle  will  stain  several  thousand  s])eirimeDS. 
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H.  F.  Hewes  has  suggested  the  fiilliiwing  method  "f  iini)rn\-ing  thft 
dftiiiitioti  iif  the  iiunlei.  After  washing  off  the  trij)le  stain  he  pours 
upon  the  tibii  a  saturated  aijueuns  aotutioii  of  inethyleiie  blue  and 
ftfter  a  swonil  or  twi)  (not  niorej  washes  it  off  again.  The  specuuea 
is  then  dried  in  blotting  paiier  and  mounted  in  balsam. 

I  ain  eonvinced  that  any  one  who  haa  onw  seen  how  much  is 
brought  out  by  a  iI'»mI  make  of  triple  stain  followed  by  methylene 
blue  ftir  a  seettnd  or  two  will  never  use  any  other  for  tlinical  pur- 
poses. The  lilne  I'lniiitvrxtiiin  also  brings  out  idearly  the  nutlines  of 
tlie  malarial  pai-aaite  against  the  yellow  of  the  red  eorpusele.  Eosin 
(one-|>er-eent  uli'oholie  solution)  followed  after  ii  few  minuh-s  by 
l^elafielil's  hi^matoxylon  for  one  minute,  or  methyl  blue  one-half 
minute,  gives  a  very  striking  iwntmst  stain,  bnt  di)es  not  bring  out 
the  points  most  essential  in  olinieal  blood  work.  To  "  eontrol " 
£hrlieh's  triple  stain  with  iiusin-hiematoxylon  or  eosin-mettiyl  blue 
is  like  controlling  a  chronometer  with  a  tifty-cent  clock.  The  latter 
stains  are  very  valuable  for  the  study  of  the  tiner  structure  of  nuelei, 
for  karyokinetic  figures  and  lHU«ophilic  granules,  but  imt  for  diag- 
DOflis. 

Aftvr  staining  and  washing  in  wat*T,  the  w>vers  are  dried  \v. 
twean  layers  of  (ilter  paper  and  mounted  in  Canada  balsam,  reaily 
tor  examination  with  the  one-twelfth  oil-immersion  lens,  with  wide- 
opeu  diaphragm.' 

hiffffrntinl  Cniinttng. 

The  only  procedure  in  tlie  miitroseopiti  examination  of  such 
Hpevimeiis  which  needs  any  description  is  that  of  making  the  so- 
called  "differential  count"  of  the  teueocytes  {i.c.,iletenniningwhiif 
jterrentage  of  Uii-  leueoeytws  present  belongs  to  each  of  the  sub-varie- 
ties as  described  on  pp.  fi2-fi7).  To  do  this  u^-unitely  we  shouhl 
examitn-  at  Vast  five  hundreil  Icucwytes — the  examination  living 
aimply  the  classiHcatiou  of  them  under  their  different  sub- varieties. 
A  movable  stage  is  very  conwnient  though  not  essential  for  this 
purpose.  With  such  a  stage  the  t«ehnique  is  simply  to  -start  with 
the  lens  in,  say,  the  u/i/ii-r  Ifji-h'ind  eonier  of  the  bl(M)d  film  and,  by 

'Of  Uli-  I  Unvrimi'd  ilr^*  lniM-!t  n  gn-at  ili-nl— the  7  nr  cvcii  tlie-lof  [#1Ik— 
on  acrounl  iif  tlii'lr  UrRir  tie\A.  Mont  rclU  ran  be  raslly  recofntlzrd  wilh  Ibis 
[Hiwi-r  .(/Tit  we  luivi-  well  liitniert  tJirlr  liM)ks  hy  otrlicr  mudy  of  specinii-ns 
Willi  the  immeminii  I<-iih.  If  In  iloiilit  alioiit  any  i-ctl.  it  h  insy  t«  puti  mil 
llii'  tiilji-  lit  llie  miiTiiHivijM.-  or  jnil  on  tlii-  iitimcnlnti  lens. 
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turning  the  screw  of  the  mechanical  stage,  move  the  preparation 
slowly  past  the  eye  until  the  iq*per  rujht-hand  corner  is  reached. 
During  this  process  as  the  cells  appear  in  the  field  they  are  checked 
off  and  put  down  under  one  or  another  heading.  Then  move  the 
stage  so  that  the  lens  is  just  one  field's  diameter  nearer  the  rUjht 
haml  lower  comer  of  the  prei)aration,  and  go  back  again  from  right 
to  left,  following  the  serpentine  track  indicated  above  in  Fig.  7.  To 
move  the  lens  just  one  field's  diameter  we  have  only  to  fix  the  eye 
on  a  cell  at  the  extreme  edge  of  the  field,  and  then  move  the  stage 
till  that  cell  disappeai*s  out  of  sight  on  the  opposite  side  of  the  field. 
Thus  we  avoid  any  chance  of  counting  the  same  cells  twice,  and  yet 
are  sure  not  to  miss  seeing  any. 

As  we  go  back  and  forth  in  this  way,  we  notice  chiefly  the  white 
cells  of  course,  but  yet  keep  our  eyes  oi>en  for  any  unusual  appear- 
ances in  the  red  cells.  Usually  these  move  by  in  a  monotonous 
stream,  one  looking  much  like  another,  but  in  pathological  blood  we 
must  always  be  on  the  lookout  for  nucleated  red  cells,  degenerative 
changes,  and  variations  in  size  and  shape.  In  malarial  cases  of 
course  our  scrutiny  is  directed  chiefly  upon  the  red  cells. 

If  we  have  not  the  help  of  a  movable  stage  we  try  to  do  the  same 
thing  moving  the  slide  with  the  fingers.  With  moderate  care  there 
is  no  danger  of  counting  the  same  cells  twice,  but  we  cannot  help 
missing  a  good  many  altogether,  so  that  although  accurate  the  proc- 
ess takes  longer. 

When  leucocytosis  is  present,  at  least  one  thousand  leucoc^-tes 
can  be  found  in  a  single  well-spread  seven-eighth-inch  cover-glass 
specimen.  In  normal  blood  we  may  need  to  go  through  two  or 
three  covers. 

KAf'TERIOLOGICAL    EXAMIXATIOX. 

Blood  obtained  by  the  ordinary  method  of  puncture  is  not  fit  for 
bacteriological  examination.'     The  following  is  the  better  way: 

Sterilize  the  skin  over  the  flexor  surface  of  the  bend  of  the  elbow, 
and  wash  off  thoroughly  the  agents  used  for  sterilization  with  Iwiled 
water  or  boiled  normal  salt  solution.  Have  an  assistant  grasp  the 
upper  ann  so  as  to  prevent  the  venous  return  and  distend  the  large 
veins  at  the  ellK)w.  Into  the  most  prominent  of  these  plunge  a 
sterilized   hollow  needle  connected  with  the   bulb  of  a  sterilized 

*8ee  KUhnau's  compamtive  experiments  in  Deut.  med.  Woch..  1897,  No.  25 
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syringe.     AH  traces  of  aiitiseptiV^s  must  Iw  I'arefully  washed  out  of  I 
tiiv  iieeille  aud  the  Ryriiige  bull)  before  uuing. 

When  the  needle  penetrates  the  wall  of  the  vein  the  blood  i 
usually  beghia  to  flow  into  the  bulb  of  the  syringe,  anil  this  is 
hastened  by  gently  withdrawing  the  piston  luitil  1-2  c.v.  of  blood 
ar«  in  the  hulb.  Then  withdraw  the  needle,  jiress  a  pad  of  steril- 
ized gaiize  over  the  wound,  and  expel  tlie  Wuoil  before  it  eoagtilates  I 
into  a  bliwd-serum  culture  tube  so  that  it  diall  run  down  over  th« 
whole  surftiee  of  the  "slant"  and  colleet  h  little  at  the  iKittoui. 
The  tubes  ai-e  Uien  put  at  once  into  the  thermostat. 

In  exaiuining  for  the  goiiocoi'eus  the  blood  is  to  W  mixed  with 
e^iual  i>arts  of  agar-agar  {previously  melted  dovm  so  as  to  be  mix- 
able  but  not  hot  enough  to  kill  the  organisms),  and  then  plated. 

The  further  examination  of  cultures  falls  outside  the  scope  of 
this  book. 

In  the  above  proveduro  the  only  difliculties  are :  I.  Sometunes  it 
is  hard  to  And  a  vein  ami  toget  the  needle  into  it.  2.  Occasionally 
wc  get  the  needle  entindy  through  the  vessel  into  tlie  tissues  on  the 
otJier  side. 

If  the  bliKHl  does  not  flow  readily  into  the  bnlb  one  of  these  two 
mistakes  is  usually  the  cause,  but  occasionally  in  those  whose  ves- 
sels are  very  small  or  whose  circulation  is  very  feeble  (as  in  the 
moribund)  it  is  very  hard  to  get  the  requisibe  amonnt  of  blood. 
Only  pnietiee  heljw  us  to  avoid  these  difficulties. 

The  procedure  causes  hanlly  more  pain  than  the  use  of  aii  ordi- 
nary subcutaneous  injection ;  the  process  of  sterilization  is  usually 
more  irksome  to  the  patient  tlian  the  puncture, 

Hleeding  is  trifling,  and  within  twenty-four  hours  there  is  usually 
no  trace  of  the  pum^ure  left.  A  steriliKed  dressing  with  moderate 
prestture  ahouhl  lie  applied. 

K*tiiHHtii>n  nf  thit  Timf  and  nf'l/iit  Com/ilffrni-iiii  nf  ('mii/iiliitioH. 

In  certain  conditions,  iwrtimilarly  in  aeut*-  exanthemata,  elotting 
is  slow  or  fails  to  occur.  This  is  still  more  marked  in  the  various 
forms  of  the  hiemorrhagin  diathesis.  In  obstruction  in  the  biliary 
tract  with  or  without  j»undii?e,  clotting  may  be  greatly  delayed, 
and  thU  fact  is  of  great  im[iortauc«  to  Ute  surgeon  with  reference 
tu  the  question  of  ojieratioti. 

Hayem  has  caUe<l  attention  to  the  fact  that  in  {nirpura  hiemor> 
rhagiuH  tin-  blood  clot,  miiy  fonn,  but  fait  completely  to  retracL 
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He  further  believes  that  the  blootl  of  j)ernicious  anaemia  may  be 
distinguished  from  specimens  obtained  in  eases  of  secondary  anaemia 
by  the  fact  that  in  pernicious  anaemia  there  is  an  incomplete  for- 
mation of  serum. 

Tn  lK)t]i  these  conditions  the  blood  plates  are  gi*eatly  diminished. 
He  has  found  similar  changes  in  some  other  cachectic  conditions. 

The  impoi-taiK^e  of  these  facts  in  the  ])rognosis  of  purpura  may 
be  considerable — the  severer  forms  being  thus  distinguishable  from 
the  milder  tj'pes  (according  to  Hayem)  even  during  the  i*emissions 
or  non-haemorrhagic  stages  of  the  disease. 

For  the  estimation  of  (coagulation  time  the  simple  little  instini- 
ment  devised  by  Wright  is  sufficient.  This  consists  simply  of  a  set 
of  from  six  to  twelve  capillary  tubes  of  about  the  same  calibre  (.01 
to  .0125  inch)  into  each  of  wliich  a  blood  <*olumn  about  two  inches 
long  is  aspirated.  The  tubes  are  then  set  perj>endi(nilarly  in  a  rack 
and  at  regular  intervals  the  condition  of  the  blood  is  tested  by  blow- 
ing into  one  of  the  tubes.  \Vlien  coagulation  occurs,  the  tubes  are 
found  to  be  blocked  with  clot. 

Normally  coagulation  occurs  in  these  tul)es  in  about  three  min- 
utes. In  disease,  especially  in  cases  with  biliary  obstnicticm,  coag- 
ulation may  not  occnir  until  ten  to  fifteen  minutes  have  elapsed. 

Othkk  Methods  of  Hlood  Examixatiox. 

It  is  ])erhaj)s  worth  while  briefly  to  mention  some  other  methods 
of  blood  examination  of  which  no  account  will  be  given. 

1.  Detennination  of  the  alkannift/  of  the  blood.  No  accurate 
and  clinically  available  method  has  yet  lx*en  deinsed.  Despite  the 
intei-esting  work  of  Kraus,  Caro,  Lowy,  Biemacki,  v.  Limbeck,  and 
others,  I  am  still  unable  to  get  hold  of  any  clinically  valuable  in- 
formation given  by  the  determination  of  alkalinity. 

2.  JiLf'jtwfanre  of  the  red  corpuscles  to  the  influence  of  distilled 
water.  As  is  well  known,  water  breaks  up  red  cells,  but  if  we  add 
a  certain  amount  of  alkali,  say  NaCl,  the  cells  remain  uninjured. 
The  amount  of  Na(^l  whicli  has  to  l)e  added  to  j)revent  the  destruc- 
tion of  red  cells  is  from  0.44  to  0.48  ])er  cent.  Under  certain  j>ath- 
ological  conditions  it  needs  either  more  or  less  of  the  salt  to  keep  the 
cells  intact,  i.e.y  they  j)()ssess  an  increased  or  <liminished  power  of 
n»sistancc  aj^aiiist  tlie  destroying  influences  of  distilled  water.     Tlie 

degree  of  concentration  necessary  to  maintain  i*ed  corpuscles  intact 
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is  known  as  the  isotonic  coefficient  of  the  blood  as  stated  in  terms 
of  a  given  salt;  0.44-0.48  is  thus  the  coefRcient  of  normal  blood 
corjmscles  in  NaCl. 

The  resistance  of  the  blood  cells  to  the  influence  of  electricity, 
heat,  and  mechanical  pressure  has  also  been  investigated  in  various 
conditions  of  health  and  disease.  Welch  has  suggested  a  ^xissible 
clinical  application  of  these  facts.  There  is  much,  he  says,  for  the 
view  that  the  number  of  blood  plates  is  an  index  of  lowered  resist- 
ance in  the  red  cells.  \Mien  resistance  is  lowered  and  blood  plates 
increase,  intravascular  thrombosis— so  mucli  dreaded  in  chlorosis, 
so  eagerly  desired  in  aneurisms,  is  more  apt  to  occur. 

3.  The  amount  of  solids  in  a  given  quantity  of  blood  can  be  de- 
termined by  weighing  a  given  amount  of  blood  before  and  after  six 
hours*  drying  at  65°  V,  Inasmuch  as  the  haemoglobin  |)ercentage 
and  the  specific  graWty  run  j)ractically  j)arallel  with  the  amount  of 
solids  this  method  has  no  considerable  clinical  value. 


•  •  • 
••  • 


•• 


•  •  • 


PART  II. 

PHYSIOLOOY  OF  THE  BLOOD. 

CHAPTER   IV. 

Only  such  portions  of  our  knowledge  of  blood  physiology  will 
be  entered  ui)on  here  as  are  necessary  for  an  understanding  of  the 
small  group  of  pathological  changes  which  can  be  profitably  inves- 
tigated by  clinicians.  This  limits  us  for  the  present  to  the  itfor- 
p/iolof/t/  of  the  blood,  its  colnrhuj  ni^itterj  and  its  density  under 
physiological  conditions. 

Ai'PEAKANrE  OF  Frksh  Normal  Blooi). 

A  drop  of  normal  blood  spread  between  slide  and  cover-glass 
as  directed  on  page  9  and  examined  immediately  with  a  one-twelfth 
immersion  lens,  amazes  us  first  of  all  by  the  entire  absence  of  any 
red  color.  All  we  see  is  a  colorless  liquid  in  which  masses  of  very 
pale  greenish-yellow  discs  are  floating  or  lying. 

/.   Red  Corpuscles, 

(a)  If  the  blood  is  spread  thickly  the  blood  discs  are  often  ar- 
ranged in  the  form  of  rouleaux  (Fig.  2.S).  The  entire  absence  of 
this  tendency  to  rouleaux  formation  is  pathological.  Ic  is  to  be 
avoided,  of  course,  as  far  as  possible,  as  it  gives  us  only  the  thin 
edges  of  the  (•orj)uscles  to  look  at,  and  covers  up  much  that  we  need 
to  stiuly.     Til  in  spreading  of  the  blood  is  therefore  important. 

(h)  There  is  not  much  variation  from  the  accurately  round  shape 
of  each  corpuscle  in  normal  blood,  except  where  one  is  indented  by 
another.  As  they  are  moved  about  by  the  currents  set  in  motion 
by  the  gradual  drying  up  of  the  plasma  and  strike  against  each 
other,  they  bend,  double  up,  or  indent  each  other,  like  bags  of  jelly, 
but  yet  always  have  a  strong  tendency  to  return  elastically  to  their 
round  outline  when  free  from  pressure.  Thus  a  corpuscle  passing 
through  a  narrow  passage  l)etween  two  leucocytes  will  be  flattened 
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out  like  a  worm ;  but  as  soon  as  it  emerges  on  the  other  side,  it  will 
be  as  round  as  before. 

(r)  The  central  biconcavity  of  the  cell,  being  thinner  than  the 
rim,  is  lighter  wlored.  Just  how  mueh  lighter  should  be  learned 
by  i)ractice  so  that  we  may  detect  any  abnormal  pallor  of  the  ror- 
jmxrlfH  due  to  la<!k  of  haemoglobin.  Pallor  is  to  be  seen  mostly  in 
the*  centre  of  the  cell,  which  in  extreme  cases  seems  almost  trans- 
jianMit.  This  is  not  to  bti  confounded  with  the  highly  refractile, 
glist^'uing-white  centres  seen  as  a  mark  of  necrosis  as  soon  as  the 
bloinl  l)egins  to  dry  up.  A  fuller  description  of  these  appearances 
is  ^ven  in  the  cliapter  on  the  malarial  organisms,  with  some  forms 
of  which  they  may  be  confounded. 

(//)  Slight  rt/riafiottM  in  s!zt'  are  present  among  normal  red  discs, 
and  hert?  again  only  practice  can  teach  us  where  the  normal  limits 
end  and  the  ])athologi(*al  In^gin.  Cells  may  U*  (pathologically)  all 
inidci-sized  or  n//  oversized,  so  that  a  standard  of  comparison  is  not 
always  to  be  looked  for  in  the  pre])aration  itself. 

{*')  If  we  f(K'us  carefully  on  a  single  red  cell,  we  can  usually 
make  out  a  tine,  wavy,  so-called  moleruhir  inotlon  in  it.  This  is 
quit*'  <liif«'nMit  from  the  active  am<elx>id  movements  observed  in 
dyiii^  cells,  and  from  the  rapid  dancing  of  malarial  pigment. 

{/)  The  familiar  a])]M'aran(re  of  spines  all  over  the  cells  usu- 
ally <'alled  "  rrt'nntlnn  "  need  not  Ih^  descnl)ed  here  (see  Fig.  26, 
p.  84). 

Hut  it  is  the  very  earliest  l)eginning  of  crenation  that  leads  to 
mistakes,  as  when  only  one  j)roje(!tion  has  l)een  develoi)ed  and  that 
jMMnts  t^)ward  the  eye,  so  that  a  bright  spot  in  the  corjmscle  is  all 
we  see. 

(y)  Tnless  w«»  disinfect  the  skin  In^fore  jmncturing  we  must  l)e 
j»rf*]>are<l  to  find  in  fresh  pr«*])arations(/f) oil  drops;'  (/;)  e])ithelium; 
(r)  particles  of  ** dirt'';  (//)  small  colorless  motile  organisms  about 
1  /«  in  diameter  (Midler's  **  Haemoconien  "— s«m»  p.  150). 

(//)  \V«»  may  make  a  rough  <»stinmt^  of  th«»  itumln'r  of  rt-d  relU 
l»res<'nt  if  we  tak«»  can*  to  s]»n'ad  the  droj)  of  the  same  thickness 
each  time.  The  eye  gets  us<mI  to  the  ordinary  look  of  a  well-filled 
field  of  <'orpuscle.s  and  notices  a  look  of  thiiuiess  if  any  considerable 
antemia  is  ]>resi*nt. 

(/)  Th«*  tl»'*j»iitrntirt*  rhnngt'H  to  Im»  s«»en  in  normal  blood  after 
long  exposun*  to  the  air,  which  can  get  in  l)etween  slide  luid  cover, 
'In  Winn-  fomiiti'iiis  tin-  1)1(nm1  rniHy  <-<»iitaiiiH  fat  (riile  iufru,  ** Lipwrnitt "). 
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are  described  in  detail  later  on.     In  pathological  blood  we  may  find 
these  as  soon  as  the  blood  is  drawn. 

//.    White  CelU. 

{(i)  The  white  or  colarless  cells  are  but  little  different  from  the  red 
in  color,  the  latter  being  so  nearly  colorless.  We  first  notice  them 
either  by  their  amoeboid  movements,  or  because  they  are  not  moved 
by  the  plasma  currents,  but  stand  like  a  rock  round  the  sides  of 
which  the  current  of  red  cells  is  broken.  They  are  slightly  larger 
in  most  instances  than  the  red  cells ;  but  this  difference  shows  less 
in  the  fresh  specimens  where  the  leucocyte  keeps  its  spherical  shape 
than  in  the  dried  and  stained  preparations,  where  it  is  usually  some- 
what flattened.  Their  shape  is  very  irregular  and  their  edges  often 
look  tattered. 

In  some  leucocytes  the  amoeboid  motions  are  entirely  absent. 
These  are  the  smallest  cells,  and  in  them  a  single  nucleus  filling 
most  of  the  cell  can  often  be  seen.  They  are  much  more  nearly 
spherical  and  less  irregular  than  the  amoeboid  cells. 

The  large  amoeboid  leucocytes  are  more  or  less  graimlar,  and  in 
certain  lights  these  granules  look  quite  dark  and  are  sometimes 
mistaken  for  bits  of  malarial  pigment.  This  is  especially  true  of 
the  coarse  f/ranular  ct^Us  seen  occasionally;  staining  shows  these 
large  granules  much  more  distinctly  (=  eosinophile  — see  below,  p. 
65) ;  cells  of  this  type  are  the  most  actively  amoeboid  of  all. 

(It)  The  most  important  point  in  connection  with  the  leucocytes 
is  their  ratio  to  the  red  cells.  This  is  estimated  in  fi-esh  sj)ecimens 
not  by  any  actual  counting  but  by  reference  to  a  standard  fixed  in 
the  mind  by  study  of  normal  specimens,  and  any  considerable 
increase  of  the  white  cells  would  be  noticed  at  once.  Naturally  we 
must  not  judge  from  any  one  part  of  the  slide,  as  the  distribution 
of  the  leucocytes  may  be  unequal  in  different  parts  of  it. 

///.    Blood  Plates.' 

Unless  -the  number  of  these  elements  is  increased  by  some  path- 
ological influence,  we  seldom  notice  them  at  all  in  normal  blood. 
This  may  be  because  we  do  not  work  quickly  enough  in  preparing 
our  specimen.     Hayem  recommends  that  the  cover-glass  be  laid 

*  It  is  probabh*  that  the  elements  included  under  this  heading  comprise 
several  different  things.  It  is  1)eyond  the  plan  of  this  book  to  discuss  their 
origin  and  significance,  since  they  possess  at  present  no  olinical  value. 
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Upon  the  slide  before  tfa(>  puncture  iu  made ;  88  soon  as  the  drop  ■ 
emerges  it  in  allowed  tu  niii  in  between  slide  and  eover  by  capillary 
Httractioii,  thus  u voiding  contact  with  the  air.'  The  blood  plates 
are  irregularly  shapi'd,  very  cohesive  elements,  about  one-half  the 
diameter  of  a  Mood  disc,  usually  seen  cliu^ng  together  in  masses 
like  zoC^lwa.     They  are  colorless  and  not  amoeboid  and  look  like  J 


JV.    Fibrl 


S.'t<rork. 


After  a  specimen  of  fresh  blood  has  stood  for  some  time  exposed 
to  as  much  air  as  can  creep  in  between  slide  and  cover-glasH,  we 
begiu  til  notice  a  network  of  line  utraight  lines  in  the  «pR(*s  be- 
tween the  corpuscles.      H>*n'    ami  lhi*ii'    these  filaments   seem  to 


ndiM«  from  a  n^Jitre  wh<<re  irre^^ular,  colorlegn  niasseH,  apparently 
blood  plates,  are  to  be  seen  (Fig.  23). 

No  stain  is  needed  U>  demonstrate  these  tibrtn  threads,  but  a 


'  Tliix  Is  u  vrrv  iwtiifiicl/>ry  way  if  wi 
Milt  unnpiiUcil  na  viv  can.  Put  h  covpr  «! 
correBpntidn  with  thr  e<lgr  nf  tlic  olhc-i. 
Willi  flnniT  and  thumb,  put  IliHr  siipc-r 
dfiip  M  tl  pmiTftni.  Uwill  run  in  N'lwn 
M'uhI  pbitiii  cttn  he  Bt«lop<l  with  c 
an-  vnaiXy  H-cn  ami  llii'ir  uiinilH-i'  ii|i 


wish  tr>  sif  the  (-i>ri)iiar1es  as  fresh 
u«t  i>i]  a  felldc  KU  tllat  the  vA^e  vt  one 
unil.  Iioldin);  them  In  thU  posltton 
inpiHw-d  cdRi's  into  the  «U\v  of  ilie 
[i  tlieni  liy  I'uiiilliiryaltnicttiin.     The 
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emall-apertiire  iliaphi-agiu  and  very  little  light  make  them  plainer. 
Their  only  ijiiportanw  is  tliat  uniler  certain  ))athulogical  conditionB 
the  fibrin  network  is  very  much  increased  and  helps  us  in  the  di^ 
nosifl  (Fig.  24).     Hence  it  ia  of  importance  to  be  familiar  with  the 


ordinary  eloseneHs  uf  the  network  in  nunnal  blood  as  a  standard  of 
comparison. 

For  an  aocoiint  of  the  conditions  of  its  increase  see  Chapter  IX., 
pagu  121. 

AVKRAOE   DiAMKTER   OF    HkII   CeLLH. 

The  blood  under  normal  conditions  shows  considerable  variations 
in  the  size  of  its  corpuscles  in  the  fresh  state  as  well  as  in  stained 
ajjecimeiis. ' 

'  A  metliixl  of  meaBiirlng.  approximately  accurate,  and  easily  applicable 
In  I'liniral  work  is  the  following: 

Vsing  a  camcia  lucida,  trace  on  paper  the  divisions  nf  a  line  stage  micro- 
meter as  Been  under  a  nne-twolftli  oil  Imnieralon  lens;  such  micrometers  are 
UHiially  ruled  In  one  one-hundredth  of  a  millimetre.  Approximate  accuracy 
in  our  tracing  can  tM>  obtained  if  tlie  process  is  repeated  till  the  divisious 
marked  in  successive  lira  wings  correspond  accurately  one  with  another.  Care 
must  I>e  tiikcn  that  the  paper  is  flat  upon  the  table  liesidc  the  microscope,  and 
not  raised  on  a  block  nr  orlitTwisp :  also  that  the  jjsrt  of  the  paper  on  wliicli 
w(>  draw  should  Ik'  jK-rpendieularly  under  the  centre  of  the  nilmir  nnil  not 
off  to  one  side.  When  a  drawing  has  been  made  with  these  pn-caiilionx.  we 
Lave  only  to  divide  llie  Bpa<*  Ix-tween  nieli  of  the  lines  In  our  drawing  iuto 
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The  following  table  (v.  Limbeck)  shows  the  results  of  various 
observers. 

Normal  LInilto.  ATerage  Dbuneter. 

Welcker diameter  =  4.5-9.5  fi  1  ti 

Valentin 7  /« 

Malinin 7. 7  /< 

Hayem diameter  =  6^.8  /i.  7.5  /« 

Malla8S(>z 7.6  ax 

Laache diameter  =  6-9  fi. ..  8.5  ^i 

Bi/.zozen> 7.075  // 

Oram diameter  =  6.7-9.3  fi  7.850  fi 

Average  =  7.5  fi 

These  differences  depend  partly  on  differences  in  the  method  of 
measuring  (wet  or  dry),  and  partly  on  the  fact  that  the  ajy^  and 
conditions  of  nutrition  in  the  j)erson8  selected  make  a  difference. 
In  the  new-born,  and  to  some  extent  throughout  childhood,  the 
normal  limits  of  variati(ms  are  wider  than  in  adults  (3.,'i-10.5//, 
Hayem).     Sex  ap])ears  to  have  no  constant  influence. 

(iram'  noted  that  the  measui*ements  published  by  observers  liv- 
ing in  soutliern  Europe  are  smaller  than  those  of  northern  EurojH* 
(Italians  7-7.5,  Germans  7.8,  Norwegians  8.5). 

The  majority  of  any  individual's  red  cells  are  certainly  about 
7.5/i  in  diameter^  and  thin  may  accord intjltj  he  taken  as  our  standard 
(Hayem  counts  twelve  j)er  cent  under  6.(5 //,  twelve  per  cent  over 
8/1,  the  r(»st  7.5/«). 

NOKMAL    NUMBKK   OF    TIIR    UkT>    CkLLH. 

1.  At  the  level  of  the  sea  and  in  adult  life  the  normal  immber 
of  red  cells  per  cubic  millimetre  is  about  5,00<),(M)0  for  men  and 
4,500,000  for  women.  This  is  not  infrequently  increa-sed  in  very 
vigorous,  healthy  persons;  0,000,000  is  by  no  means  rai-e  among 

U'n  equal  fmrts,  and  we  have  a  Heale,  each  diviftion  of  whicli  reprewnts  1  /i  as 
8een  under  a  one-twelfth  oil -immersion  lens,  with  the  length  of  tuU*  of  the 
partieular  mieni«eoiH*  um*d.  To  uw  our  //-wtile  we  have  only  to  draw  with 
the  camera  lueida  any  cell  whose  size  we  want  to  know,  using  always  tliv 
same  mien>WH>pc*.  the  same  length  of  tulH*.  and  the  same  lens(*s.  and  having 
the  drawing;  paixT  (as  lK*fore)  flat  on  the  tahle  and  periKMidicidarly  und<>r  the 
mirror.  The  dniwin^r  thus  made  is  measun*d  with  i\w  /i-scale  like  any  other 
object. 

With  this  metlKMl  a  cell  (*an  Ix;  measun'd  in  a  few  s(H.*ond8  and  with  sufH- 
cient  a<Turaey  (i./..  within  0.5  u). 

»  Fortsehritte  der  Minlicin.  lsS4. 
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healthy  young  men,  and  higher  figures  are  seen  occasionally.  Thus 
Ilewes'  in  fifty  young  medical  students  found  an  average  of  5,809,- 
000  per  cubic  millimetre ;  of  these  fifteen  exceeded  6,000,000,  the 
highest  being  6,400,000,  while  the  lowest  of  the  whole  series  was 
5,120,000.  Attitude  uhorc  the  sea  lerei  raises  the  count  invariably 
(see  page  78). 

2.  The  influence  of  vienstruation,  childbirth,  and  lactation  is  to 
dimmish  the  red  wlls  tempoi-arily,  the  amount  of  the  diminution 
dei)ending  not  only  on  the  amount  of  blood  lost  but  on  the  capacity 
of  the  individual  organism  for  blood  regeneration.  At  pul)erty, 
when  sexual  functions  are  being  established,  we  expect  lower  counts 
than  after  the  establishment  of  the  function.  Normal  pi*egnan(y 
does  not  affect  the  count  of  red  c^lls. 

.'^.  The  count  of  red  cells  per  cubic  millimetre  is  i*aised  by  any 
cause  inducing  einicentratlmi  of  the  blood,  such  as  profuse  sweating, 
and  is  lowered  by  the  temporary  dilution  of  the  blood  after  large 
draughts  of  liquid.  In  these  changes,  which  are  always  very  tran- 
sient, the  ha3moglobin  and  specific  gravity  in  a  given  drop  aiv  of 
course  increased  with  the  corpuscles. 

Vasomotor  Inffitences  affecting  the  calibre  of  the  j)eripheral  ves- 
sels (hot  or  cold  baths,  exercise,  etc.)  may  temporarily  concentrate 
or  dilute  the  blood  by  affecting  the  interchange  of  fluid  between  the 
vessels  and  the  surrounding  lym])h  spaces.  J^y  these  processes  the 
blood  in  the  i)eripheral  vessels  may  show  an  increase  or  diminution 
in  the  ci»llular  elements,  the  haemoglobin  and  specific  gravity  cor 
responduig  to  the  gi-eater  or  less  (concentration  of  the  blood  at  that 
I)oint  (on  these  points  see  below  page  7(5). 

Hayem  noted  that  in  young  j)eople  especially  the  number  of  red 
cells  varied  considerably  without  any  notable  change  in  conditions. 

4.    Influence  of  Xtttrltlon  on  the  Number  of  Bed  Cells, 

A.  After  a  vieal,  esj)ecially  when  considerable  liquid  is  taken, 
the  blood  is  tenijH)rarily  diluted  and  hence  the  count  of  red  cells 
lH»r  cubic  millimetre  is  diminished  (v.  Liml)eck ;  Reinert).  This  is 
illustrated  by  the  following  case  from  v.  Limbeck. 

AnrLT.  Male.  Healthy. 

Red  Cells.       White  Cells.  Hb 

11:15a.m 6.589.000         7,660         98  per  cent. 

12  M.  dinner 

*  Transactionfl  of  the  Bost<>n  Society  of  Medical  Science.  May  18.  1897. 
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RhIC. 


vthlw  I 


18:18p.m S.»ao,(WK)  fi.IOtt 

1:15     "    n,4SU,0(HI  ti,Km 

3:15      "    4,7*1000  IS.WH) 

8:15     -     4.HT2.000  U.00<)         98  por  f.-nt. 

4:1.1     -   4.730.0CKI  lO.ftSO         t*9 

Ah  the  white  cells  risu  (Jigestivf  Itiui'Ot-ytosia,  see  be-low,  page  97) 
tlie  retl  faU. 

Fastiti);,  by  ooii (filtrating  the  bliHul,  temporarily  increaauB  the 
number  of  rt^il  cells  (-tOO.CHM^r^O.fKH)  increase  after  twenty-four 
hours'  fast). 

B.  tinnrra/  yutritinH. — Leiui,  luuwnilar  ]N!<j]ile  have  on  the  aver- 
age inure  reil  <^tlH  jier  eubii^  uiilliinctre  than  fat  jvcople  (Leichtea- 
»teni,  quoted  by  v.  Liinbeek),  other  things  being  equal.' 

Ah  altove  Haiti,  fasting  (liy  enn  centra  ting  the  blooil),  raises  the 
number  of  red  bloo<l  cells,  so  that  it  is  not  Himjdy  hunger  that  gives 
uft  the  dimiiiHtioH   in  red  cells  i^ouiuiunly  found  in  jinnrli/  inmrUhrti   • 
jifiipl;  but  rather  the  influence  of  bad  hygiene  in  the  slums,  etc. 

Tt.  Avmimn  and  tlie  timf  »/'  'tni/  seem  to  have  no  inHiieniv  ill 
theniwlvcs.  The  same  is  ti-ue  of  nif"  and  e/imnff.  The  only  ex- 
ception to  this  is  rejKirled  in  the  work  of  K.  Below,'  who  found  in 
yellow-fever  districts  aji  average  count  of  only  4,7nO,01lO  red 'f  11  a 
]ier  cubic  millimetre  and  the  diameter  of  the  indiviilual  cell  redutted 
to  a.9:i  on  tlie  average  {7,5,'<  =  normal).' 

6.  f'atiifiw.  —  Hayem  noted  a  loss  of  from  500,000  to  1 ,000,000  red 
cells  per  I'ubic  millimeti*  in  the  blood  of  a  nniiitier  of  farmers  after  a 
hardsumiuer's  work,  the  counts  made  in  September  having  been  com- 
patvd  with  those  of  .\pnl  ainl  always  found  to  lie  lower.  Whether 
fatigue  is  the  only  cause  of  this  {limituilion  may  be  doubted. 

7.  Afffi.—ln  the  new-lHirn  the  number  uf  ivd  I'ells  is  very  high 
for  a  few  days  (7,000,00(t  to  8.800,000),  hut  falls  at  the  end  of 
seven  to  t«n  days  (see  page  446). 

In  the  very  old  a  certain  degn-e  of  anteniia  is,  so  to  sjieak, 
physiological;  but  tliis,  which  like  the  plethora  of  the  new-born  is 
to  be  referred  not  to  the  fact  of  age,  but  to  concomitant  influences, 
is  by  no  means  invariable.  Schmaltz  re)MirtM  fi,7(l<»,000  red  cells  in 
a  man  of  eighty-one  and  4,K1<>,000  in  a  woman  uf  st^vcnty-fonr. 

'Till-  indiicncrof  ■Iimis  In  ll>i'  olxite,  wli.m-  fill  loii.ln  iln'  tiiirfikce  of  tho 
hivrt.  i*  III  caiiHc  Hn  apimri-nt  <niT<>nNi'  "f  nil  nOln. 

'-Item,  Tn>t>'-nliyiri.iii-,"  Bi-rliii,  IMtin      ().  Ciiljliui*. 
'See  alMi  under  AriHi>'l'<Hi<iiiilu"iH.  p.  4W. 
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Normal  Number  of  White  (!?ells. 

The  figure  usually  given  for  adults  is  7,500  per  cubic  millimetre. 
This  varies  a  good  deal,  according  to  the  nutrition  of  the  individual 
(see  page  95)  and  also  at  diflFerent  times  of  the  day,  owing  to  influ- 
ences not  explained.  The  influence  of  digestion  will  be  mentioned 
later.  In  animals  a  slight  shock '  is  suflicient  materially  to  affect 
the  count  of  leucocytes ;  5,000  to  10,500  may  be  called  the  normal 
limits.  Romberg  finds  9,058  as  the  average  count  in  fifty-five 
healthy  young  women.  There  is,  I  believe,  no  evidence  to  show 
whether  or  not  mental  disturbances  (fear,  rage,  emotion  of  various 
kinds)  affect  their  number,  but  my  impression  is  that  they  do. 
Other  causes  of  variation  will  be  discussed  under  Leucocytosis. 

l^Looi)  Plates. 

The  number  of  blood  plates  is  vaiiously  estimated  at  from  180,- 
000  -250,000  (v.  Emden)  to  8(K),000  (Kemp  and  Calhoun) .  They 
do  not  contain  haemoglobin  and  show  no  signs  of  a  nucleus.  They 
are  the  chief  constituents  of  white  thrombi.  Wherever  they  are 
diminished  (^.y.,  in  haemophilia,  purpura)  clotting  is  apt  to  be  slow, 
and  there  is  reason  to  believe — 

(fi)  That  their  niuuber  is  an  uidex  of  lowered  resistance  of  the 
red  (m?11h. 

(/>)  That  whenever  their  number  is  much  increased,  thrombosis 
is  likely  to  occur.  In  chlorosis,  for  instance,  their  number  is  in- 
creased and  thrombosis  is  i*elatively  common,  while  in  pernicious 
anaemia  they  are  diminished,  and  thrombosis  rarely  if  ever  occurs. 

Coagulation  time  outside  the  body  dej)ends  largely  on  the  amount 
of  fibrin  and  is  a  wholly  different  phenomenon  from  intravascular 
thrombosis.  This  is  of  uni)ortance  in  connection  with  the  use  of 
gelatin  injections  to  favor  thrombosis  in  aneurisms.  An  increased 
rapidity  of  coagulation  outside  the  body  is  no  indication  of  success 
in  such  cases.  Blood  plates  ai*e  in(!reased  in  leukaemia  and  in  many 
cases  of  grave  anaemia.  In  the  severer  tyi)es  of  many  infections 
(typhus,  erysipelas,  malaria)  they  are  diminished,  and  in  malaria 
they  are  sometimes  wholly  absent  during  the  fever.  In  pneumonia 
and  tuberculosis  they  ai'e  normal  or  increased.  In  purpura  and 
haemophilia  they  are  sometimes  much  diminished  or  absent. 

'Lftwit:  **Studien  z.  Physiol,  und  Pathol,  d.  Blutes,"  etc.,  Jena,  1892. 
Fischer. 


60  CLINICAL  BLOOD   EXAMINATION. 

The  physiological  limits  of  the  amount  of  ha*moglohin  and  of  the 
specific  gravity  have  already  been  mentioned.  Under  physiological 
<;onditions  their  variations  follow  those  of  the  count  of  red  cells. 


Muller's  "Blood  Dust." 

Mttller'  has  recently  described  under  the  title  of  "Haemoconien," 
or  blood  dust,  a  constituent  of  noimal  and  pathological  blood  not 
hitherto  noticed.  This  consists  of  small  round  colorless  gi*anules 
about  the  size  of  the  finest  fat  drops— or  about  ^1  ^  in  diameter, 
their  size  being  very  variable.  They  are  highly  refractile  and  have 
rapid  dancing  (molecular)  motion,  but  no  power  of  locomotion. 
They  are  insoluble  in  alcohol  and  ether,  not  stained  by  osmic  acid, 
and  take  no  part  in  the  formation  of  fibrin.  Stokes  and  Wegefarth," 
who  have  confirmed  Miiller's  observations,  note  that  the  "blood 
dust "  can  be  seen  much  more  clearly  by  the  light  of  a  Welsbach 
gas  burner  than  by  daylight.  The  latter  observers  present  a  body 
of  evidence  tending  strongly  to  show  that  these  bodies  are  the  ex- 
truded granules  of  neutrophilic  and  eosinophilic  leucocytes.  Gran- 
ules apparently  identical  with  them  can  be  stained  in  fresh  specimens 
with  eosin  or  Ehrlich's  triacid  stain  in  a  way  appai^ently  like  that 
of  the  intracellular  granules.*  They  are  also  to  be  seen  in  pus  and 
in  hydrocele  fluid. 

No  special  diagnostic  or  prognostic  significance  has  yet  been  at- 
tached to  them,  though  the  work  of  Kanthack  and  Stokes  renders 
them  of  great  interest  with  reference  to  the  problem  of  immunity. 

'Centralbl.  fttrallg.  Path.,  etc..  viii..  1896. 

*  Johns  Hopkins  Hospital  Bulletin,  December.  1897. 

•Nicholls:  Phil.  Med.  Jour.,  Feb.  26.  1898. 


CHAPTER  V. 

FINER  STRU(  TIRE  OF  THE  BLOOD. 

Appearan(^E8  of  Dried  and  Staixed  Specimens. 

CovER-(JLA8s  speoiniens  i)i*epare(l  aiul  stained  as  above  directed 
give  us  more  information  of  interest  and  importance  than  can  be 
obtained  from  any  other  one  method  of  blood  examination.  Ap- 
proximate ideas  of  the  quantity  of  red  cells,  of  white  cells,  and  of 
luemoglobin  can  be  formed,  parasites  and  bacteria  can  be  seen,  and 
the  whole  mass  of  evidence  based  on  the  finer  stru(»ture  of  the  leu- 
cocytes can  be  obtained  only  in  this  way.  The  appearances  of  a 
specimen  of  normal  blood  j)repared  in  this  way  are  as  follows : 

Red  Cells. 

1.  The  hiemoglobin  stains  with  the  orange  G  of  the  tricx)lor 
mixture,  and  in  a  proi)erly  heated  specimen  the  red  cells  are  of  a 
brilliant  yellow  or  jiale  orange  tint.  If  overheated  they  have  a 
fetddy  stained,  washed-out  look,  while  if  un(lerht*atp(J  thi*y  are  more 
or  It'sH  hrown  or  ffraif, ' 

Tlie  degree  of  pallor  of  the  centres  corresponding  to  the  amount 
of  hiemoglobin  in  the  corpuscle  can  be  gauged  much  more  accurately 
with  tliis  stain  tlian  in  the  fresh  preparations.  The  color  of  the 
edges  is  not  much  affected  by  pathological  changes,  the  centres 
iH'ing  the  tvst.  But  in  cases  with  extreme  poverty  of  haemoglobin 
the  (»olored  rim  may  In*,  reduced  to  a  men*  shell  and  the  rest  may  l>e 
almost  comi)letely  colorless.  The  power  to  estimate  the  amount  of 
coloring  matt<*r  in  this  way  can  lie  easily  accpiiriMl. 

An  approximate  idea  of  the  numlx^r  of  red  cells  may  be  formed 
by  any  observer  who  has  leanu»d  to  use  a  uniform  technique  in  each 
case  and  to  sj)read  the  blood  of  a  standard  thickness. 

2.  Nothing  is  seen  of  the  fibrin  or  blood  jdates  as  a  rule.     In 

'  Tills  is  a  fruitful  source  of  error.  Many  8up|)osi^  that  lx*cause  their  speci- 
mens <onie  out  t<K)  (lark  they  must  Ih'  ** burnt."  and  so  heat  less.  In  fact  the 
(lark  tint  means  that  the  si)eeimeD  is  not  heated  enough. 
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nonoal  cases  the  plasma  does  not  stain  at  all. 
of  d^iia  is  often  present)  usually  pink  staiucil. 


A  oertaiii  amount 


WHITB  CuKlTWlLKM. 

'i.  The  chief  pur;>09e  uiid  use  of  the  "  tri|ili^  stain  "  is  for  diatin- 
guishiug  the  varieties  t-f  white  corpuscles,  and  the  patholot^ral 
ittates  of  the  red.  About  the  normal  red  cells  it  gives  ua  no  in- 
formation that  eaiiiiol  Ite  olitained  as  well  by  various  other  stains, 
btit  our  knowle^l^e  of  normal  leucocytes  lias  been  immensely  en- 
Urgeil  by  its  use. 

In  normal  blood,  stained  as  aboiv  directed,  we  reeoj^EiiEe  the 
followinij;  varieties  of  white  cells: 

(1)  Suiail  It/mpli'jeijIi'K  or  "smalt  hyaline  forms"  (Kanthack) 
{see  PlutJ^  I.).  These  consist  mostly  of  a  round  blue  nucleus 
about  the  size  of  a  red  cell,  surroundeil  by  a  thin  coating  of  pro- 
toplasm, which  is  faintly  ntained  or  invisible  with  Elirlich's  triple 
stain,  but  stains  ilark  patchy  blue  when  Hewcs'  blue  connterstain 
is  used. 

The  nucleus  may  be  considerably  smaller  than  a  red  cell.  With 
orilinary  triple  stain  it  is  usually  jiale -stained,  but  when  a  blue 
<«unterstain  is  used  it  stands  out  intense  indigo  color.  This  is  ww 
of  tJic  greatest  merits  of  Hewes'  after-stain.  AVithout  it  the 
lymphocytes  are  often  so  pale  that  some  of  them  may  l)e  overlookeil 
in  C4>unling. 

The  itnmiual  staining  of  the  pmtoplasm  with  the  methylene  blue 
is  pri>hahly  not  a  true  granulation  but  a  reticular  structure. 

(2)  With  Ehrlich's  triacid  stain  I  do  not  tind  it  iK)9aible  to  draw 
any  line  between  this  fonn  and  that  now  to  be  descril)ed,  namely, 
the  "large  lymphocj"te"  or  "large  mononuclear  cell,"  which  is 
aimply  larger  and  jialer. 

The  small  lyniphcM-yte  is  the  form  most  frequently  seen  in  the 
lymph  channels,  in  chyle,  and  at  the  i>eripherj-  of  the  follicles  of 
adenoid  tissue.  In  the  so-called  "  lat^  lymjtlnH'yte  "  the  nucleus 
uwupies  relatively  less  of  the  cell  than  in  the  small  lymphocyt«>  and 
■tains  less  readily. 

In  many  cases  we  do  not  see  in  the  blood  any  intermediate 
fonns.  Lymphocytes  are  either  "small"  (5-10  .i  in  diameter)  or 
"lai-ge"  M.t-lii'.  in  diameter)  (see  I'late  I.). 

In  other  cases  we  find  every  intermediate  size,  Imth  nf  nucleus 


FINER  STRUCTURE   OF  THE  BLOOD.  (53 

and  of  the  cells  as  a  whole,  and  in  such  cases  I  am  unable  to  make 
a  division  into  "  large  "  or  "  small,"  though  we  may  l>e  able  to  say 
in  a  general  way  which  size  predominates.  The  edges  of  the  larger 
forms  are  often  frayed  and  jagged,  and  small  bits  may  bud  off  and 
circulate  as  fi*ee  elements.  This  is  especially  frequent  in  lymphatic 
leukaemia. 

The  theory  that  the  "/r/rf/f'"  in nnoint clear  cells  or  "large  hyaline 
forms"  (Kanthack)  come  from  the  si)leen  and  the  small  mono- 
nuclear from  the  lymph  glands  has  l)e(»n  abandoned  on  all  sides  of 
late  years. 

The  protoplasm  of  all  lymphocytes,  as  has  been  said,  is  always 
hard  to  stain  with  Ehrlich's  triple  stain.  Sometimes  it  has  a  faint 
pinkish  tinge,  more  frequently  it  is  grayish  or  very  light  blue,  and 
in  some  cases  it  stands  out  brilliantly  trans})arent  and  colorless 
against  the  faint  purplish  tinge  of  the  surrounding  plasma  (see 
Plate  I.).  When  a  blue  after-stain  is  used  an  artificial  retraction 
ring  of  unstained  protoplasm  appears  around  the  micleus.  Some- 
times the  i)rotoplasm  stains  diffusely  blue  with  basic  stains  and  no 
network  can  be  made  out. 

I  have  descril)ed  the  lymi)h()cytes  so  far  as  "mononuclear,"  but 
it  is  not  rai-e  to  find  even  very  small  ones  (6//  in  diameter)  whose 
nucleus  has  a  deep  cut  in  one  side  or  has  divided  into  two  parts.  1 
believe  it  is  commoner  to  find  a  divided  nucleus  in  the  small  forms 
than  in  the  "large  lymphocyix^s."  The  inai)plicability  of  the  term 
"small  mononuclear  cells"  or  "large  mononuclear  cells"  to  this 
variety  of  corpuscle  is  evident.  The  distinguishing  mark  is  not  the 
single  nucleus.     (See  also  below  under  "  Mast  cells.") 

Ehrlich  separates  shari)ly  under  the  name  of  "  large  mononuclear 
leucocytes  "  a  group  of  cells  closely  resembling  the  larger  fonns  of 
lymphocytes.  Taylor  and  other  first-class  authorities  agree  with 
him  in  this,  but  their  descriptions  include  so  few  differentiating 
mai'ks  that  I  am  unable  to  i-ecognize  them.  As  they  make  uj)  but 
one  jHjr  cent  of  the  white  corpuscles  and  have  no  clinical  signifi- 
cance, I  have  groui>ed  them  in  my  counts  with  the  large  lymj^h- 
ocytes.     I  have  dcme  the  same  with  the  so-called 

3.  "  Trtnisifioual  forms "  (Ehrlich),  which  are  no  bigger  than 
the  larger  type  of  lymi)hocytes,  from  which  they  differ  only  in  that 
they  have  an  indentation  in  their  nucleus — either  a  narrow  cut  or  a 
bay  so  wide  that  a  "horseshoe"  nucleus  results.  This  is  the  trans- 
itional form  according  to  this  nomenclature.     There  is  no  i*eason  for 
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oalliug  it  SO,  as  all  thi'  forms  of  leuctM-ytt's  are  transitional,  but  there 
iH  some  convenience  in  the  name.     Like  moat  lartie  lyinphorj-t.cH  it 
in  pale  all  through— pale  in  both  iiuelf us  anil  {notopla^m — and  often 
cwapes  notice  in  hasty  examiuatious.     Ajmetiuiea  its  ]>ri)toplasi 
sparsely  coverftl  with  faint  neutrophilic  Ki^iulf!!. 

4.  The  fells  known  as  "  i«)lyuuolear "  or  jiiilifmuriihimiideaP 
nftitni/iAi/nii.  These  eells  constitute  the  vast  majority  of  thoW'' 
fouuil  in  ordinary  puA.  The  main  difference  between  thi'm  and' 
those  last  described  is  in  the  )>osHe88ion  of  granules,  best  seen  when 
stained  by  Ehrlieh'N  inethodH.  The  nucleus  stains  [lee|ily  with  all 
dyes.  It  is  very  irregular  in  shajje,  being  twisted  about  in  the  body 
of  the  cell.  Here  aiul  there  it  may  dive  down  so  dei'ply  lieneath 
the  surface  of  the  wW  that  it  in  hidden  under  a  thick  layer  of  gran- 
ules, reappearing  in  another  part  of  the  eell  8o  that  it  *rrnut  to  bd 
broken  in  two.  Oi»'asionally,  no  doulit,  this  is  aetually  the  caM) 
but  generally  thew?  are  "underground  eonnw-tions"  lietween  the 
apparently  separate  piet-es  of  nucleus.  Now  and  then  we  see  a  cell 
(degenerating)  where  the  granules  have  fallen  away,  lea\'ing  the 
niKdeus  liki'  a  short,  thick  snake,  verj-  rarely  two.  'ir  like  several 
sausages  joined  by  strings. 

One  n<>ver  sees  any  two  nf  tliese  rells  whose  iinidei  are  of  th4- 
same  shape.  Hence  th^  temi  "polyniorphoniu-lear."  The  wind- 
ings and  twistings  of  the  nueleus  hai'e  suggest^^d  eoniparisnus  to  thftj 
letters  Z,  S,  E,  etc. 

The  granules  which  till  the  body  of  the  eell  and  in  which  the 
nucleus  is  cmltedtled  stain  liest  with  triple  stains  like  Ehrlieh's. 
Acid  stains  like  eosin,  and  basic  stains  like  methylene  bUie,  do  not 
bring  them  out  clearly.  Hence  the  term  "neutrophilic,''  which  is 
not  strictly  accurate ;  more  properly  they  ai'e  faintly  oxyphilic'  and 
flan  be  faintly  stained  with  eosin.  [HeiKw  Kanthack  and  other 
English  observers  have  called  them  "line  granular  oxyphiles," 
while  the  term  "coarse  granular  oxyphilcs  *'  is  npjilinl  to  the  iiells 
generally  known  as  etisinophiles.  These  terms  are  in  some  respects 
more  accurate  than  Ehrlieh's,  Imt  a.-v  even  more  eumbniUH  than 
his.]  With  Ehrlieh's  t.riacid  mixture  the  granules  stain  violet  or 
purple,  sometimes  pink,  tJieir  color  varjnng  apparently  a<-cording  to 
their  agi-.  The  ohicr  the  graimle  the  pinker.  The  younger  it  is,  the 
more  violet  atlinity  it  lias  (see  lielow,  p.  69).  The  granules  are 
very  small  and  irn*gular  in  shajie  and  size,  contrastitig  with  the 
'ELrlkh  H  nlaiii  in  nully  u  ililTiTtniiut  ntM  Main  uml  nut  m-ulnil. 
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large,  round,  "  eosinophile  "  granules  (see  below).  The  cells  being 
Rj)herieal  the  granules  lie  over  and  around  the  nucleus,  not  simply 
at  the  side  of  it.  In  their  interstices  we  sometimes  seem  to  see  a 
]>inkish  background  of  cell  substance.  In  normal  blood  these  "neu- 
tro])hilic"  i^ranules,  which  are  so  small 
that  exce])t  with  very  high  jiowers  they  '^*.,,^ 
look  like  a  diffuse  sta,in,  very  rarely  occur 
*»xcej)t  in  cells  whose  nucleus  has  i-eached 
the  i)olymori)hous  stage.  Occasionally  we 
seem  to  see  monomtrfear  nentrnphllesj  hav- 
ing   a   round   nucleus    with    neutrophilic 

gi*ainiles,   but    cai'eful    focussing   usually  S^^'^  B 

shows  that  the  api)earance  of  a  round  or 
rod-shaj)ed  nucleus  is  given  by  the  tight 
<M)iling  of  the  ribl)on-like  nucleus  round 

one  of  its  ends,  or  else  that  a  horseshoe  nucleus  is  seen  from  the 
jM)int  of  view  indicated  in  Fig.  25.  Thus  if  the  eye  be  at  the  point 
A  the  nucleus  will  appear  of  the  sha^je  indicated  in  B  (Fig.  25). 

5.  The  t'oHinnphUe  or  "coarse  gi-anular  oxyphile"  cell  has,  like 
its  pi-edecessor,  a  jwlymorphous  nucleus  and  graimles;  but  the 
nucleus  is  paler  and  moi*e  loosely  connected  to  the  granules,  aiul  the 
latter  ar«^  s})herical  or  oval,  of  nearly  uniform  size,  and  much  larger 
than  any  seen  in  the  neutroi)hilic  cell.  They  have  strong  affinity  for 
acid  coloring  matters  (eosin,  acid-fuchsin,  etc.),  hence  their  name. 
In  specimens  stained  with  eosin  or  eosin  and  methylene  blue  they 
are  very  brightly  colored-  pink.  With  the  triacid  mixture  they  ai-e 
of  a  copper  or  bunit-sienna  color.  Some  individual  graimles  stain 
much  darker  than  others  in  the  same  cell. 

The  eosinophiles  are  the  most  actively  auueboid  of  all  the  cor- 
puscles, and  it  may  bt^  for  this  reason  that  the  diiferent  parts  of  the 
cell  seem  so  loosely  strung  together.  Or,  if  the  hyi)othesis  of  Kan- 
thack  and  Hardy,  I'ecently  supi)orted  by  Stokes,  be  true,  their  loose 
arrangement  may  serve  to  make  them  easily  detached  for  bactericidal 
purjwses  (see  above,  page  00).  The  gi-anules  maybe  all  at  one  side 
of  the  cell  and  the  nucleus  on  tht»  other,  and  in  cover-glass  specimens 
we  very  fre<iuently  find  actual  separation  of  the  two.  Whether  or 
not  the  actual  separation  is  brought  about  by  the  te(;hni(pie  of 
spreading  the  blood  is  unimi)ortant,  as  we  find  such  broken  cells 
much  more  often  among  the  eosinophiles  than  among  any  other 
variety — whicli  argues  a  looser  structure. 
5 
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Sumetiines  there  seeui  to  be  two  «r  mot*  distinct  and  separata 
nuclei  ill  the  fell,  no  "  underground  connection  "  being  traceable. 
The  gnuiules  are  aeldoiu  orer  the  nucleus  as  we  see  it  in  cover-glasa 
prejia ration 8,  but  cluster  round  it  loosely. 

The  cell  as  a  whole  is  usuaUj  a  little  smaller  than  the  "  iieu- 
trojihile  "  aud  more  in-egular  in  shape.     In  stained  sjteciuieus  tho  < 
neutrophile  is  seldom  seen  with  a  pseudopod  extended,  whereas  the 
eosinophile  oft#n  shows  it. 

The  staining  of  the  nucleus  is  more  even  as  well  as  palei'  than 
that  of  the  neutrophile,  aud  with  the  £hrlich  stain  often  has  a 
robin's-egg  tint.     To  sum  np: 

The  four  varieties  which  we  usually  find  ainonj;  leneocyteB  iu 
the  blood  are  these : 

I.   Small  lymphocytes,  or  "hyaline  pells." 

3.   Large  lyui|ih(H'yt*>8  and  trunsitiiinal  forms. 

3.  Polymori>honuclear  neiitrophiles,  or  tine  granular  uxyphiles, 

4.  Eusiiiupliiles,  m-  foarHe  granular  oxyphiles. 

5,  A  tlUli  varUlj-of  luiicucytc— till' tuuMtplillJL-  "ninat  ei-ll"  Ik  ii  tuusllliK^lit 
iif  Qonnul  liluoil.  tliiiugli  in  very  humII  numbers.  Onc-tuilr  per  i-ent  <a  ttie 
Fnaximum  nuiiil)er  in  health.  In  leiikirmla  II  hi  eomiiioii,  but  ni'  speciul  ilg- 
iiifieani.'e  ia  ttttuclipd  to  it.  Taylor  TiHiu'l  It  In  int^reuMil  numltcrs  m  rme  cose 
nf  emtircr,  one  of  Konnrrliirii.  one  nf  inynHls  fim^ldes.  anil  lwi>  of  itoptlr  l)one 
dlscsM.'.  Cfinriti  lias  fniiDrlaBimJIar  luereaw-  in  HilonxriR  mill  someehroiik'  skin 
ilisiWH-s,  HDil  I  in  trichino«i8. 

With  ElirUoh'H  Btitln  iJie  tnaopliilic  gntniik-s  of  Ihii  cell  an-  not  »i'en  or 
appvarnnlyaflclear  white  siKiIH,  Tliry  are  best  stained  wilh  lliiimlii  or  liilui- 
din  blue.    The  nucleus  ift  polymorphnui.  often  trilnbcd. 


Terms, 

"So  one  can  feel  more  unsatistied  with  the  terminology  tised  in 
this  book  than  the  writer.  It  rests  partly  ou  a  theory  of  the  origin 
of  the  cells  ("  lyuiphoeytes  "),  partly  on  the  proiR'rties  of  the  nucleus 
("polyunrphoiiuelear"),  and  paitly  on  affinities  for  aniline  dye^a 
("  neutrophile  "  —  "eoainopbile  ") . 

All  that  can  be  said  for  it  is  that  it  discards  certain  very  mis- 
leading names  like  "spltjnocyte"  (a  tenn  applied  by  some  to  the 
large  lyiiii)hoi>yte9  aiicording  to  the  now  ex]>loded  theory  tliat  they 
come  from  the  spleen),  or  like  ".tmall  mononuclear"  to  designate 
cells  not  rarely  polynuclear. 

The  cunibrtma  word  "  jiolyinorjiho unclear  "  is  a  shaile  In-tter  than 
"polynuclear,"  and  that  is  all  tii  Ik-  itaiil  in  its  favor. 


I.  The  myelogenous  group 
(from  the  bone  marrow). 
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It  is  greatly  to  be  hoped  that  we  may  ere  long  have  a  new  and 
improved  terminology  by  some  competent  student.  The  English 
terms  above  referred  to  ai-e  so  cumbrous  that  I  have  not  as  yet  felt 
compelled  by  their  slightly  greater  accuracy  to  adopt  them  uncon- 
ditionally, but  they  certainly  show  a  tendency  in  the  right  direc- 
tion. 

Origin  of  the  Diffemit    Vnrietifs. 

Two  groups  may  be  distinguished : 

(cr)  Polymorphonuclear 

neutrophiles. 
(h)  Eosinophiles. 
(c)  Mast  cells. 
(il)  Large  mononuclear  cells 
(Ehrlich)?? 
II.  The  lymphogenous  group  L^nnphocytes  of  all 

(froiii  adenoid  tissue).  sizes. 

Except  within  Group  II.  no  transitions  between  the  different 
varieties  of  circulating  leucocytes  are  recognized. 

Normal  Percentage  of  Each  Variety. 

In  the  blood  of  healthy  adults  the  proportions  of  the  different 
varieties  above  described  ai-e  the  following : 

tn\  i  Small  lymphocytes 20-3<)  per  cent. 

^^^  \  Large  "  4-« 

{b)  Polymorphonucli»ar  neutmphiles 62-70 

(c)  Eosinophiles i-4 

(d)  **  Mast  cells  " Vo"* 

(a)  In  infancy  the  percentage  of  lymphocytes  is  much  larger 
(forty  to  sixty  per  cent)  and  the  polymorphonuclear  neutrophiles 
are  only  eighteen  or  forty  per  cent. 

In  a  variety  of  debilitated  conditions  not  usually  thought  of  as 
definite  diseases,  the  i)ercentage  of  lymphocytes  is  comparatively 
large  and  that  of  the  polymorphonuclear  cells  small.'  The  general 
vigor  and  health  of  the  individual  can  sometimes  be  estimated  simply 
from  the  leucocytes.  Persons  calling  themselves  well,  but  never 
vigorous  or  a(^tive,  may  show  no  more  than  fifty  per  cent  of  poly- 
morphonuclear cells,  the  lymphocytes  running  up  to  forty,  fifty,  or 

*  This  change  is  usually  dependent  on  an  ahmluU  diminution  in  the  mye- 
logenous cells. 
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even  seventy-five  i>er  pent.  In  an  uiimatried  woman  of  tweiity- 
uiiie,  Huffering  from  no  tliBcoverable  organic  disea-te.  I  found  one  I 
day  among  1.200  lemioeyt«8  "4.9  per  cent  of  lyui p hoc- j-tes  with  unly  J 
2B  per  cent  of  polymorphonuclear  ceUn.  The  total  leucocyte  count 
waa  (t,000  |ier  c.uun.  Two  weeks  later  the  percentages  were  I 
uoniial,  although  no  change  had  been  observed  in  the  patient's  (de-  J 
bilitated)  condition.     She  is  now  well  and  married. 

Not  all  cases  of  debility  show  this  change,  and  we  are  not  yet  1 
in  a  position  to  say  under  just  what  conditions  it  occurs.     It  cer- 
tainly  is  not   peciiliar  to   tuberculosis  as   Holmes   has  HUpjMsed. 
I'resnmaldy  the  i-cmditions  am  such  an  decrease  the  functional  ac-   | 
tivity  of  the  marrow. 

(/<)  (!hangi>H  in  the  pereenta^  of  neutrophiles  will  ha  discussed  J 
later. 

(f)  The  percentage  of  eosiuoithiles  often  changes  in  a  way  hard  to  I 
explain.     Their  increase  or  decrease  in  the  ein^uiating  blood  does  not  ' 
fi)llow  that  of  the  polymorphonuclear  neutrophiles,  in  fact  is  often 
inversely  proportional  to  it,  and  the  eosinophiles  may  Ije  markedly 
increased  in  a  blood  otherwise  normal,  for  reasons  wholly  unkitoH'U  f 
Ions. 

An  increase  in  the  lymphocytes  or  neutrophiles  rarely  occurs   ] 
withiiut  other  blood  changes,  and  points,  not  to  disease  of  one  pla(«   | 
or  function,  but  to  general  conditions  like  inflammation  or  malnu-   ' 
trttion.     The   diagnostic  indications  of  an  increase  of  the 
ophiles  are  morci  specific  (cm/'-  infm,  articles  "Trichinosis,"  "Asth- 
ma," "IJermalitis  Her[>etifonnis,"  etc.). 

The  eosinophiles  and  "  mast  cells  "  may  be  pictured  as  compar- 
ative strangers,  though  not  intniders  in  the  circulating  bloud. 
They  are  thus  intermediate  between  the  regular  in  habitants 
(lyiophocj-tes  ajid  nentrojihiles)  and  the  variety  nest  to  be 
mentioned,  which  are  real  intniders— 1.<'.,  abuost  never  found  in 
normal  blood.     These  are  the 


MVKI,...  YTKB. 

The  larger  portion  of  the  leucocytes  of  the  mairow  is  made  up 
of  mononuclear  neutrophiles,  a  type  of  cell  nut  yet  dest^ribed,  and 
differing  from  any  variety  found  in  normal  blootl,  although  it  has 
many  jHiints  of  resejiiblaiiee  to  the  polymorph  on  ncletir  nentrophile, 
and  is  in  fai-t  tlie  same  cell  in  an  early  stage  of  growth. 
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I  describe  it  here  because  it  is  peculiar  to  no  one  disease  and  is 
an  occasional  visitor  of  the  blood  in  various  diseased  conditions  and 
in  conditions  on  the  borderland  between  the .  pathological  and  the 
physiological  (starvation — various  intoxications). 

The  myelocyte  (see* Plate  I.),  like  its  descendant,  the  polymor- 
phonuclear neutrophile,  is  recognizable  only  by  Ehrlich's  staining 
methods.  With  Ehrlich's  triple  stain  it  ai)])ears  as  a  spherical  cell 
nearly  tilled  by  a  large,  pale-stained  nucleus  immersed  in  neutro- 
philic granules.  One  sees  at  once  how  little  it  diifers  from  the 
large  lymphocytes  (simply  in  having  granules)  and  from  the  poly- 
morphonuclear neutrophile  (only  in  the  shape  of  its  nucleus).  I 
have  called  the  granules  neutrophilic,  and  this  is  true  of  the  great 
majority  of  them  in  most  cells.  But  as  Ehrlich  has  recently 
pointed  out,  there  is  a  great  deal  of  variation  in  the  staining  affin- 
ities of  different  gi-anules,  side  by  side,  in  the  same  cell.  In  some 
granules  (according  to  Ehrlich  the  younger  ones)  "there  is  promi- 
nent a  basophil  portion  whic^h  bt»comes  less  and  less  marked  as  the 
cell  grows  older."  Such  grainiles  take  with  Hewes'  after-stain  a 
bluish  tint.  Others  near  them  (older?)  are  violet,  while  others 
again  are  nearly  i)ink.  In  the  polynuclear  neutrophile  these  baso- 
phile  affinities  are  much  less  marked,  but  even  in  them  considerable 
diiferences  may  be  made  out  between  the  tints  of  adjacent  cells  and 
of  {idja(»,ent  granules  in  the  same  cell.  In  size  and  shaj>e  the  mye- 
locyte granules  are  like  those  of  the  polynuclear  cell  (see  Plate  I.). 
The  nucleus,  by  which  we  chiefly  distinguish  the  myelocyte,  shows 
none  of  the  twists  and  turns  characteristic  of  the  i)olymori)ho- 
nucleai*  neutrophile,  but  is  usually  spherical  or  egg-shai)ed,  and  is 
in  close  contact  with  the  c^dl  wall  for  a  comparatively  large  portion 
of  its  extent — i.e.,  if  egg-shaped  it  is  placed  eccentrically. 

Not  infi*equently  the  nucleus  shows  signs  of  old  age  (vacuoles) 
or  of  mitosis,  for  occasionally  we  find  two  nuclei  at  the  poles  of  the 
cell. 

*SV.r^'  of  Aft/e/orf/te^s. 

All  the  older  accounts  of  the  myelocyte  speak  of  it  as  a  very  large 
cell,  the  largest  variety  of  leucocyte  ever  seen  in  the  blood. 

This  is  true  of  many  of  them ;  diameters  of  18-21  /i  are  not  un- 
common, but  we  also  tind  them  of  erert/  other  size  down  to  10-11  n 
diameter,  that  is,  down  to  the  size  of  a  lymphocyte.  This  holds 
both  for  the  myelocytes  in  the  circulating  (leukemic)  blood  and  for 
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those  in  the  marrow.     No  distinction  from  other  varieties  of  leuco- j 
cyte  can  be  biuMil  on  size  alone,  unless  we  say  their  average  s: 
}freat**r  than  the  average  size  of  the  leucocyte.     Perhaps  the  follow- 
ing tahle  may  tie  of  interest: 

Avt-mgH  iJUineltT  of  100  myelocyti.-8  =  l.liS  /i. 

"  u         "  loo  poly morphiiuti clear  npulrophilea  - 

"  -        ~  10(1  ""largi'"  lyniplioeyti'B  =  13/i. 

"  -         -  100  e<iMUophile»  =18/1. 

-  100-small"]ympho(yt<«  =  lOM. 
"  -         -  100  n-d  forpuBcles  (nomiu1)  =  7.5^ 

EosisorHii.io  Myelck^ytks. 

Under  the  same  (^onilitious  whiith  favor  the  appearance  of  the  ] 
ontinaiy  (nemrophilicj  myelocyte,  we  often  find  a  small  number  of  j 
cells  identic'ttl  with  them  in  all  reai)e('r*,  exeept  in  possesaing  eositio-  [ 
philie  in  plane  of  neutrophiliii  granules.     Such  cells  are  found  iti  I 
abundance  in   the  marrow,  luid  this  faet  together  with  the  i-eswu- 
blamw  to  the  ordinary  myelocyte  botli  in  morphology  and  in  the 
conditions  of  their  occurrence,  seeunt  tJi  me  to   justify  tlie  term   ( 
eimiiiophill':  myelo(-yt«.      In  them  aa  in  all  myelocytes  Uiei*  is  a  j 
wide  ^-ariation  between  tlic  ntainiiig  aftinities  of  different  granules, 
same  lieing  much  darker  than  others. 

So  far  I  have  desfiribed  the  (,'//"■  fit  of  each  variety.  As  w» 
should  expect,  atypical  forms  are  numerous.  Some  of  the  com- 
moner ones  are  as  follows : 

I.   DKoK.tKKATen  Lkucocytkji. 

Frequently  in  leuksniia  aud  occasionally  in  other  conditions  one 
sees  leucocj-tes  apparently  moribund.  That  they  arc  not  always 
artifajits  is  shown  by  tlie  fact  that  they  are  not  found  in  normal 
blood  treated  by  the  same  techuiipie  that  reveals  them  in  the  blood 
aud  in  hardened  blood  clot  of  leukemic  cases  as  well  as  by  the  fact 
that  Hotkin  ami  others  hav«  ijmduced  similar  appearances  by  keep- 
ing the  leufloeytea  a  few  days  in  an  aseptic  state. 

The  iwmmonest  forma  uf  ilegeneraled  leueocjlea  are : 

1.  A  homogeneously  stained  mass  looking  like  a  washed  out, 
stmrtureless  nucleus  that  ha-i  lo.st  its  jirotoplasm  and  liecome  ragged 
at  the  edges  (karyolysis). 

2.  The  same  intensely  staiueil. 


FINER  STRUCTURE  OF  THE  BLOOD.  71 

3.  Vacuolization  of  the  nucleus  or  of  the  protoplasm. 

All  these  forms  of  degeneration  affect  chiefly  the  lymphocytes 
and  lai'ge  mononuclear  forms.  In  the  granulai*  leucocytes  we  see 
all  stages  of  breaking  up ;  the  granules  are  scattered  about  the  field 
and  the  nucleus  is  pale,  structureless,  and  deformed. 

II.  Transitional  Neutrophiles. 

Cells  on  the  borderland  between  the  "marrow  cell"  and  the 
"polymorphonuclear  leucocyte,"  the  nucleus  having  some  of  the 
characters  of  each  variety  (see  below,  p.  110). 

111.  Turck's  "Stimulation   Forms." 

These  cells  are  also  described  by  Engel  as  "  mononuclear  cells  " 
and  veiy  recently  by  Weil  as  "non-granular  myelocytes." 

Weil's  description  conveys  the  salient  points  in  the  appearance 
of  this  cell.  It  looks  like  a  myelocyte  whose  granules  have  been 
fused  into  a  smooth  homogeneous  band  of  color  around  the  single 
spherical  or  ovoid  nucleus.  The  protoj)lasm  is  always  homogeneous 
iind  deeply  stained ;  there  is,  however,  a  good  deal  of  variation  in 
tlie  tint  in  different  cells.  In  some  it  is  purple,  in  others  violet 
or  brown.  In  leukaemia  they  are  often  counted  as  myelocytes  or  as 
large  lymphocytes  by  unpractised  observers. 

They  appear  in  various  diseases  associated  with  stlviulatioii  of 
the  hone  marrow^  i.e.,  grave  anaemia  and  all  conditions  associated 
with  leucocytosis  (see  below,  p.  110). 

Other  rare  varieties  will  be  mentioned  under  leukaemia. 


PART  III. 

GENERAL  PATHOLOOT  OF  THE  BLOOD. 


CHAPTER  VI. 


UNEQUAL  DISTRIBUTION  OP   BLOOD— POLYCYTHEMIA— DILU 
TION  AND  CONCENTRATION  OF  THE  BLOOD. 


1.    Uiifqual  I>istrihution. 

How  far  is  the  single  drop  used  for  blood  examination  typical 
of  the  whole? 

It  has  been  experimentally  proved  that  8i>ecimens  of  the  blood 
of  the  smaller  venous  and  arterial  twigs  do  not  differ  from  each 
other  materially  in  corpuscular  richness,  ('apillary  blood  is  slightly 
richer  in  <»orpuscles  than  that  either  of  veins  or  of  arteries.  Hut  as 
capillar}'  blood  is  everywhere  of  the  same  corpuscular  nchness,  we 
may  consider  one  capillary  network  or  set  of  venules  as  tj'pical  as 
another,  provided  our  technique  is  good,  that  is,  provided  lym]>h  is 
not  scjueezed  into  the  drop  by  strong  pressuiv.  It  is  indifferent, 
thert*fore  so  far  as  at^curacy  is  concerned,  whether  the  drop  of 
blood  1)0  obtained  from  one  or  another  pai-t  of  the  body.  All 
staiulard  estimates  of  the  numln^r  of  corpuscles  i)er  cubic  millimetre 
of  normal  blood  refer  to  capillary  blood. 

ii.    Liti'nl  or  Feriphentl  Fnlffrifthnmiin, 

So  far  we  aiv  siH*aking  of  normal  conditions.  It  is  a  familiar 
fact,  however,  that  the  vessels  of  a  given  i)art  of  the  body  can  Ik- 
over<*rowded  with  blood,  f.</.,  by  the  use  of  an  Ksmarch  bandaj^c. 
A  <lrop  taken  from  such  a  ])art  would  (rertainly  not  be  tyi)ical. 
Now  as  the  same  t*ffect  can  Im^  produced  by  a  variety  of  diseast^s. 
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under  these  eoiiditious  we  must  modify  considerably  any  inferences 
made  from  examination  of  a  single  drop. 

Such  conditions,  entailing  a  false  polycythsemia  or  apparent  in- 
crease in  the  number  of  corpuscles  are : 

Any  disease  invohHug  either  (tt)  general  cyanosis  or  (^)  cyanosis 
of  the  part  from  which  the  drop  of  blood  is  drawn. 

(a)  Genera/  ci/anosis  results  from  cardiac  insufficiency  (valvular 
or  parietal  disease  of  the  heart  itself,  blocking  of  the  liuig  circula- 
tion by  emi)hysema  or  thrombosis),  from  insufficient  aeration  of 
the  blood  (pneumonia,  congenital  malformation  of  the  heart),  inter- 
ference with  the  heart's  action  by  pressure  of  tumors,  effusions 
(l)ericardial,  pleural,  peritoneal),  or  enlarged  organs  (liver,  spleen), 
or  from  vasomotor  disturbances.  It  is  evident  that  some  of 
these  conditions  (^.f/.,  congenital  heart  disease)  may  not  involve 
any  peripheral  stasis  at  all,  aiul  in  the  absence  of  this  it  is  not 
■easy  to  account  for  the  increased  number  of  corpuscles  in  the  drop. 
Some  observei-s  have  supposed  that  thei*e  is  a  real  overproduction  of 
blood  cells  under  these  conditions ;  others  suppose  that  the  life  of 
the  individual  corpuscle  being  lengthened,  reproduction  of  cells  at 
the  normal  rate  soon  leads  to  the  **  glut. "  Thei-e  seems  to  l)e  no 
reason  to  suppose  that  there  is  in  these  cases  any  unecpial  distribu- 
tion of  cells  in  favor  of  the  i>eriphery,  such  as  is  obviously  the  con- 
dition in  ordinaiy  cyanosis  with  stasis.  Whatever  the  explanation 
may  be,  there  is  no  doubt  of  the  fact  that  general  cyanosis  from  any 
cause  whatever  produces  an  increase  of  cells  in  a  drop  such  as  we 
usually  examine. 

The  cases  of  cyanosis  which  I  have  classed  under  "vasomotor" 
(for  want  of  a  better  explanation),  cases  in  which,  in  the  absence  of 
disease  in  any  organ,  the  skin  and  mucous  membi^anes  are  persis- 
tently and  markedly  bluish,  are  not  very  uncommon.  I  have  seen 
three  such,  all  in  stout,  elderly  women.  In  one  the  cells  in  a  drop 
of  blood  from  the  ear,  finger,  or  toe  were  more  than  (hutble  the  nor- 
mal number  (see  lx*low,  page  To). 

(/>)  Loral  Ct/afiosts. — The  ]>ressure  of  a  tumor,  or  any  other 
hindrance  to  the  circulation  of  any  part,  may  give  a  similar  increase 
in  the  numlx'r  of  corpuscles  in  a  nu»asurcd  amount  of  blood  from 
that  pai-t.  In  paralyzed  ])atients  the  count  may  l)e  higher  on  the 
paralyzed  side. 

In  markedly  cyanotic  i)atients  the  count  of  ivd  cells  may  be 
notably  above  normal,  and  we  must  make  allowances.     Error  is  more 
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likely  to  arise  wheu  we  liavi 


(cyanosis  in  a  pei'son  whose  blood  ia 
[iiKtr  in  rcil  i-nrpusi'lesi.     The  combiuation  of  tlieae  twu  lairtuiy  may 
give  us  a  Doriuai  blixKl  count  and  lead  us  to  overlook  the  auxiuia. 
Thus  a  ])erson  uii^ht  have  really  a  severe  ana-niia  and  yet  the  nouut  J 
of  red  cella  be  a<?tually  above  the  nomial.     This  element  of  stasis  f 
should  never  be  lost  sight  of.      Many  high  counts  reported  in  pneu- 
monia or  hysteria  are  to  be  explained  by  abnormalities  not  of  prtf  | 
duetioH  or  dtrniriirtwn  but  of  tluitribiitimt  of  the  blood  tells. 

With  these  exeeptioiis  the  diop  of  blood  taken  at  the  peripheiy  I 
is  typical.     We  have  next  to  consider  some  yi-.ni'rnl  conditions  under 
which  a  person's  whole  blood  may  be  inferred  to  lie  abnormal  from  ' 
the  findings  in  a  drop  taken  from  the  periphery.     (Consideration  of  ] 
upwuil  diseases  will  follow  later. 

Temporary  increase  or  diminution  in  the  amount  of  tlnid  within  i 
the  vessels  can  be  brought  about  not  only  by  u  change  in  the  me- 
chanical conditions  of  pressui-e  and  osmosis,  but  by  ajiy  intlueuoa  I 
affecting  the  tone  of  the  peripheral  vessels.     We  have  then : 


TV/w/wnfry  Seroiut  Plftlm, 


■  Dilul'wu  of  t/it  Blootl 


(a)  From  transfusion  of  Auid  in  large  amoiuits  or  its  ingestaou 
by  mouth  or  rectum. 

(A)  From  decreased  blood  pressure,  as  in  acute  failures  of  com- 
pensation in  cardiac  disease. 

(e)  From  vasomotor  dilatation. 

As  an  examjile  of  this  last  Grawitz  reduired  the  specilic  gravity 
of  the  blood  from  1041  to  lU.'i8,7  within  eight  minutes  by  the  in- 
halation of  nitrit<>  uf  auiyl.  This  decrease  of  s))e<!ili<!  gravity  can 
only  mean  an  increased  ajuount  of  watery  constituents  in  the  blood, 
as  there  was  no  evidence  of  any  destruction  of  the  heavier  elements 
of  the  blood,  and  only  water  (and  chlorides)  ]>hss  through  the  ves- 
sel walls  easily.  In  the  above  case  the  H{>eeilic  gravity  was  again  at 
1041  within  a  few  minutes. 


Poli/ci/fJwmia. 

The  red-faced  persons  populaily  known  as  "  full-blooded  "  show 
DO  abnonnalities  in  their  blood  discoverable  by  iuiy  me;ms  of  in- 
vestigation known  to  us.  The  condition  is  probably  dependent  oii 
the  ptTSfuii-  oi  a  rich  i:iii)illiirj  ni-twork  near  th-'   siirfa.'e    'f  th« 
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skin,  or  a  dilatation  of  individual  venules  and  arterioles  at  the  peri- 
phery. Such  a  person  may  be  mai'kedly  anaemic  without  any  con- 
siderable changes  in  the  color  of  the  face.  The  fact  that  people  of 
such  complexion  often  end  their  lives  with  a  ruptured  cerebral 
ai-tery  is  due  presumably  to  the  circumstance  that  "  high  living  '* 
produces  in  the  same  individual  dilated  peripheral  capillaries  and 
weakened  ai-terial  walls. 

Examples  of  what  seems  more  likely  to  be  a  true  polycythaemia 
are  as  follows : 

(a)  In  cases  of  severe  anaemia  which  i*ecover,  the  blood  regen- 
eration may  attain  such  vigor  that  the  number  of  i*ed  cells  shoots 
tftnjforarily  up  above  normal,  even  as  high  as  7,700,000. 

(/>)  The  same  condition  can  be  temporarily  produced  by  trans- 
fusion of  actual  blood  from  one  individual  to  another.  It  lasts  but 
a  few  days  as  a  rule. 

{*')  Some  cases  occur  without  any  known  cause.  In  one  such 
case  which  came  to  autopsy  (death  from  cerebral  hemorrhage) 
the  internal  organs  were  as  deeply  engorged  as  the  periphery  of 
the  body.  The  three  cases  of  the  following  table  are  apparently  of 
this  tyi)e. 

The  polycythsemia  of  the  new-born,  of  high  altitudes,  and  of 
phosphoros  i)oisoning  will  be  discussed  later. 

TaBLK    1. — PoLYCYTH<(KMIA. 


Age. 

Sex. 

Red  cells. 

White 
I'ells. 

Hienio- 
jBTlobin. 

Remarlu. 

2» 

•  •  •  • 

K4H4,OUO 

15,aN) 

«) 

1  February  5.  Polynuclear,  84.6;  lympho- 
cytes. 13.H :  edHloophiles.  1.6. 

17,8U0 

February  8.  Polynuclear,  90.4:  lympbo- 
cytM,  8 ;  eosinophilem  6;  myelocytes,  L 

5ft 

»  •  •  • 

a,:^.(iuo 

10,000 

05 

First  day. 
Eighth  day. 

4,«HaaN) 

5.000 

70 

63 

•  •  •  • 

11,3R2,0(N) 

H^aoo 

105 

December  6. 

».anQ.n(N) 

•••••••• 

105 

December  7.    After  walkimr. 

ICOWMWO 

nV40(ia.c. 
11,700  p.c. 

110 

December  11. 

ia28U,(IU0 

H,HOO 

110 

December  17.  PolynucIeAf,  77JB6 ;  lymplx^ 
cytes,  18.75;  eoslnophllea,  3.75;  myelo- 
cytes, IJS;  mlcroblasts,  3;  Dormoblasta, 
2.    Few  mast  cells. 

Concentration  of  the  Blood. 

It  is  obvious  that  influences  opposite  to  those  producing  tem- 
porary full-bloodedness  will  produce  temi)orary  lack  of  fluid  within 
the  vessels.     So  acute  dianhcea,  purgation,  deprivation  of  liquids 
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(aa  in  Mtari-atioii),  rapkUv  aocuiuulated  aerous  i-ffusioiis,  profuse 
vomitiiig  or  sweating  (by  skin  anil  Uinga)  pimluw  a  teiiilHJrary  am- 
ctnlrtttian  uf  the  hltuiti  by  driiiiiiiig  uut  its  (litfuitible  elements  (water 
chiefly)  (8«e  Table  11.)  All  thesis  iuHupnees  aiv  ti-ausitory.  Mure 
jtermanent  di-aiiiti  on  tlie  syst^'in,  like  chrunii!  diarrlxiia,  iliabetca 
insipidus  or  mellituij,  or  long-standing  suppurations,  tiliow  no  evi- 
dence of  leasening  tin*  valnme  of  IdiMid  in  the  vi'ssela.  Tliey  drain 
albumin  out  of  tlie  serum  and  eorputieles  and  so  decivase  the  weight 
of  the  blood  (see  Ix'low,  page  8.'t),  but  tlie  blotMl  volume  is  mtt 
vliaiiged.  Indeed,  any  influence  baft  to  work  very  quickly  in  order 
to  f^noeutrate  the  bl<xid,  for  iu  an  aiitonishingly  short  time  the  other 
tissues  repay  the  vessels  their  loss  of  fluid  anil  the  normal  blood 
volume  is  i-estored. 

The  same  tennwrary  effects  can  lje  proilneed  by  influences  con- 
stricting the  vessels  (cold,  pain,  suprarenal  extraet),  and  a  ooucen- 
tratiiin  of  the  blood  results  which  lasts  a  few  minutes  or  hours.' 

In  all  these  interohanges  of  contents  between  the  blood-vesaela 
and  the  other  tissues  it  is,  as  Hbo^'e  uaid,  the  watery  elements  chiefly 
that  change.  The  red  eella  are  not  affected  by  the  give-and-take  of 
the  vessels  and  tissues,  and  although  cold  produces  iu  the  \mr\- 
pheral  circulation  an  increase  in  the  number  of  white  l'^IIs  greater 
than  oaii  be  aci-onnted  for  \iy  simple  eonceutratiun,  the  weight  of 
(fvidence  seems  to  be  against  any  new  production  of  cells  and  in 
favor  of  a  change  only  iu  distribution,  the  white  cells  accumulating 
Ht  the  [»eripheri-. 

Now  as  the  number  of  cells  is  not  affected  by  these  temporary 
variations  in  the  volume  of  liquid  within  the  vessels,  it  follows 
tli«t  the  number  to  be  countetl  in  a  cubic  millimetre,  though  typii'^ 
of  the  whole  bk«Kl  nt  tlmt  timr,  is  not  to  l>e  reckoned  from  in  the 
ordiuury  way.  Kor  example,  after  a  severe  diarrhifa  or  in  phthisis 
after  a  night-sweat  the  blood  may  be  temi>oraHly  no  c^mcentrated 
Umt  we  (ind  li.tHKt.WH)  or  more  red  corpuscles  ])er  cubic  millimetre. 
Under  normal  conditions  of  the  blood  mass  we  should  infer  from 

'Oliver  bun  )ili<iwu  rrrrntly  (Luntel.  .luiic  2TI]i,  IIK9AI  ihul  miy  iiiflui-iiiv 
calling  ri<H'  r>f  I>|ihhI  prrwure  will  sliftblly  conci^uirtile  die  lilixid.  Tliiio  rsis 
lug  i|ie  arm  over  the  lieail  iiml  liiililint;  It  tlii-n-  Ijy  nmsciilnr  cITort  aligliily 
coDcmlrBlvs  tlic  IiIihhI  In  tluil  nmi.  ElectHcnl  iilimidntloii  or  iiuuaugc  of  Uie 
nrm  has  tlic<  wnu-  elTM-t.  lj>»eHitg  blood  pressure,  an  wlieii  llie  snii  is  imp- 
portn]  f>ami>fti/  iiver  thr  liciid,  dilulr!i  tlji-  lilooil.  This  ninHrma  tlje  n-iiills  of 
Mticbctl  (Mnl.  Ncwi,  Mny,  IMflU)  anil  uf  Cli^nin  iC(>iiipii'<i  Rnid  rl<- I'Acutl. 
d.  gcienre*.  ItfW).  No.  vl.). 
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such  a  count  that  the  body  contain eil  one-sixth  more  red  corpuscles 
than  usual.  Here  obviously  it  means  only  (if  anaemia  is  absent) 
that  the  blood  mass  is  reduced  one-sixth  by  concentration.  It 
is  only  in  such  sudden  reductions  of  blood  volume  that  we  can 
measui*e  the  amount  lost  by  this  method.  Long-standing  causes  of 
drain  on  the  plasma  might  at  any  time  act  as  destroyers  of  red  cor- 
puscles as  well,  through  the  changes  in  the  nutritive  fluids  in  which 
they  live. 

Further,  it  is  only  when  we  know  the  numl)er  of  corpuscles  just 
before  the  sudden  drain  on  the  plasma  comes,  that  we  can  measure 
the  amount  of  plasma  lost  by  the  amount  of  aiqmrent  increase  in  the 
red  cells.  Stasis  and  any  other  cause  that  heaps  up  corpuscles  at 
the  |)eriphery  must  also  be  excluded  before  we  can  judge  of  the  loss 
of  plasma  in  this  way. 

The  conditions  of  an  abnormal  concenti*ation  of  the  blood  are 
tliose  already  alluded  to  as  teun)orarily  sucking  away  its  watery 
constituents,  namely : 

(n)  Watery  diairhcea,  especially  in  cholera  and  other  acute  dis- 
eases accompanied  by  diarrhoea; 

(/>)  Large  and  rapidly  accumulating  serous  effusions  (slow  ac- 
ciniiulations  would  give  time  for  the  blood  to  take  up  water  from 
the  tissues  and  make  up  for  its  loss) ; 

(r)  Profuse  sweats; 

(</)  IVrsistent  vomiting  or  starvation  of  liqui<ls  (see  Table  IL);. 

(^')  Increased  blood  pressui*e  (exercise,  massage,  electricity). 

Hlood  alivady  lacking  in  red  cells,  if  suddenly  concentrated  by 
such  a  loss  of  fluid,  might  deceive  us  into  supposing  it  nonnal,  be- 
cause the  nunilx^r  of  cells  in  a  cubic  millimetre  might  be  normal. 
In  the  pr**si'nn\  fhvrt'fort'^  tifanifsuvh  renson  for  nnireiifratiou  of  the 
(ffooff,  irti:  shoiihl  a/tntt/s  inoillfij  our  ordinary  nietJuHh  of  inference 
fmiH  the  hlooil  count.  For  exami)le,  v.  Limbeck  records  a  case  of 
hepatic  cirrhosis  with  ascites,  in  which  l)efoi'e  tap])ing  the  ascites  the 
count  of  red  cells  was  .*3,280,()0()  ])er  cubic  millimetre.  Within 
twenty-four  hours  after  ta])])ing  there  were  /),1()I),000  cells  per  cubic 
millimetiv,  the  reaccumulation  of  the  ascitic  fluid  going  on  so  fast 
that  the  bl(M)d  was  unalde  to  adjust  itself  and  be(»ame  overconcen- 
trated.  A  careless  observation  might  have  inferred  a  great  gain  in 
the  corjmscular  richness  of  the  whole  blood,  when  in  fact  not  a  cor- 
puscle had  been  gained  and  those  i>resent  had  probably  grown  poorer 
in  albumin. 
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C'aiw*.   Agf, 


1 
2 


•i3 
2 


Tablk  II.— Starvatiox. 


Redf^lU. 

Wbitecellt. 

Hvino- 
irlobln. 

».7H0.(MK) 

lO.OOf) 

12<>+  1 

Stowaway.   Ten  days  without  food. 
Two  weekfl*  starvation  after  caustic 
potash  strictun*  of  gullet. 


It  n'liiaitiH  U)  Hiieak  of  two  other  conditions  in  which  what  up- 
pfai'H  fn  hf.  a  true  iK>lycytha>mia  is  found: 

1.  In  fiersoiiH  living  at  high  altitudes; 

2.  In  |>ersonH  suffering  from  phosphorus  or  CO  poisoning. 

7.    Thf  liliml  In   Hujh  Altitudes. 

The  [K)lycyth£Bniia  of  those  living  at  high  altitudes  increases  the 
higher  ones  goes.     KopiH*'  gives  the  following  table: 


Plaoe. 

Christiania 

Odttiogen 

TQbiogeo 

ZQrIch 

Auerbach 

RtfiboldflgrQn , 

Arom 

The  Cordilleras.. 


Heijirht  nboTe 
level. 


O 

148  metres 

814  ** 

414  - 

425  " 

700  " 

1.800  " 

4.8W  " 


RedcHls. 


Author. 


4.974,000 
5.225.000 
5.822.000 
5.752.000 
5.748.000 
5.900.000 
7.000.000 
8,000.000    I 


Laache. 

Schafer. 

Reinert. 

Scierlio. 

Koppe. 

M 

Effger. 
Viault. 


This  extraonlinary  change  takes  place  within  two  weeks  of  the 
time  of  taking  up  residence  in  a  high  place,  and  inde|>endent  of 
any  change  in  diet  or  manner  of  living.  The  sick  and  the  well  are 
ecpially  affe(^t*»d  and  animals  show  similar  changes.  The  haemoglo- 
bin is  also  (MHisiderably  increased,  although  it  lags  somewhat  behind 
the  corjMiHcles. 

Tlu»  corjniscles  are  often  deformed  and  undersized  during  the 
earlier  w«»ek8  of  the  change* ;  but  their  volume,  as  determined  by  the 
luematiKTit,  is  not  incrt»ased.  These  changes  suggest  that  the  im- 
me<liate  incn»ase  in  the  numlier  of  red  (vlls  is  due  to  budding  or  di- 
vision of  the  c^lls  alivady  present  in  the  circulation. 

Lat4»r  the  i>oikilocyt<»8  and  microcytes  vanish  and  the  haemoglo- 
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bin  percentage  rises  so  as  to  correspond  with  the  increased  count  of 
red  cells. 

On  returning  to  low-land,  the  blood  returns  within  a  short  time 
to  its  normal  condition. 

Many  explanations  have  been  offei'ed  for  this  interesting  phe- 
nomenon. If  it  were  a  true  new  production  of  corpuscles  we  should 
expect  some  signs  of  blood  destruction  (icterus,  hsemoglobinuria)  on 
returning  to  the  sea  level.  But  there  are  no  such  signs.  On  the 
other  hand,  if  the  polycythaemia  were  a  simple  result  of  concentra- 
tion due  to  the  dryness  of  the  high  air,  one  would  expect  that  the 
blood  would  quickly  adapt  itself,  as  in  other  (tem])orary)  concen- 
trations, by  taking  up  water  from  the  tissues.  Hut  in  fact  it  does 
not  do  so.     The  cause  of  the  increase  is  still  a  mystery. 

2.  Phosphoms  and  CO  Pnisoninfj. 

The  polycythaemia  of  acute  phosphorus  poisoning  may  reach  as 
high  as  8,650,000.  This  may  be  partly  explained  by  concentration 
due  to  the  occuri'ence  of  vomiting,  but  in  some  cases  the  increase 
seems  out  of  proportion  to  the  amount  of  vomiting. 

With  illuminating-gas  ])oisoning  there  is  usually  no  vomiting  to 
8i)eak  of,  and  the  cause  of  the  marked  increase  in  the  red  cells  is 
unknown.  Von  Limbeck  in  two  cases  of  CO  poisoning  showed  re- 
si)ectively  6,630,000  and  5,700,000  red  cells.  Mttnzer  and  Palma* 
record  5,700,000.  The  white  cells  are  also  increased  (see  page 
363). 

*Zeit.  f.  Heilk.,  vol.  xv.,  p.  1. 


CHAPTER  VII. 

ANEMIA  AND  HYDREMIA. 

1.  Anmsmia. 

Definition. — A  defirienrt/  in  corpuscle  Hubstance^  i.e,y  a  deficiency 
in  red  corpusdeH,  in  hsemoglobin,  or  in  both/  with  or  without 
changes  in  the  total  volume  of  the  blood. 

It  is  important  to  bear  in  mind  that  the  color  of  the  skin  is  not 
a  safe  guide  in  judging  whether  a  fierson  is  anaemic.  Thus  out  of 
100  cases  shown  to  be  ansemic  by  actual  blood  examination,  Town- 
send '  found  a  good  color  in  the  cheeks  of  4  and  a  fair  color  in  7 
others.  Eighty-nine  were  pale.  The  color  of  the  lips  is  but  little 
U*tter  as  a  guide,  as  the  following  table  from  Townsend's  article 
shows : 

Table  of  i'olor  in   One  Hundred  Casrs  of  Anirmin, 


Pale. 

Fair. 

Good. 

Nails 

95 
89 
84 
76 
64 

6 

7 
16 
21 
25.5 

0 

Cheeks , 

4 

TooKue 

1.2 

LipR 

2.4 

CoDJunctivsB 

10.6 

My  own  impression  would  be  that  the  lips  and  conjunctivae  were 
l)etter  gui<les  than  they  an*  shown  to  be  in  this  table. 

In  examining  the  c^olor  of  the  nails,  the  fingers  should  b«»  fiexed, 
as  full  rxt<*nsi()n  may  i»artly  cut  off  the  circulation  under  tlie 
nails. 


'  This  is  a  cliniftil  drtlnition  and  niake»  no  attempt  to  ^o  to  thc>  root  of  the 
matter.  I  havt>  litth'  doul)t  that  chemical  or  other  changes  in  the  serum  are 
the  cause  of  the  corpuscuhir  changes,  which  only  mirror  the  cle<*|M'r  disease. 
Hut  thes(*  chemical  changes  an*  as  yet  so  little  understcxMi  that  we  have  to 
juilire  of  their  pn*s<'nce  ehietly  by  their  efTiH't  on  the  corpuscles. 

•Towiis^'ud:  IJ<»ston  M^Nlical  and  Surgical  .lounml.  May  2Hth.  1896. 
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A.  K.  Stone'  and  his  assistants  estimated  the  haemoglobin  of 
189  female  patients  who  looked  anaemic,  and  found  over  75  per  cent 
of  haemoglobin  in  89,  or  nearly  one-half  of  them.  For  a  woman  a 
haemoglobin  percentage  of  75  per  (}ent  or  more  means  practically 
noiinal  blood.'' 

The  most  striking  example  of  the  fallacy  of  judging  of  anaemia 
by  the  color  of  the  skin  and  mucous  membranes  is  in  the  so-called 
^^tropiail  muvmia,^^  Practically  all  persons  belonging  to  white 
races  who  take  up  their  residence  in  the  tropics  acquire  after  a  time 
an  extreme  pallor  of  the  skin  and  mucous  membranes,  and  this  ap- 
l)earance  has  usually  received  the  title  of  "tropical  anaemia."  It 
turns  out,  however,  from  the  (careful  studies  of  several  different  in- 
vestigators, that  the  blood  of  such  persons  shows  absolutely  no 
anaemia  or  other  variation  from  the  normal.*  The  appearance  of 
the  skin  is  probably  due  to  the  action  of  the  extreme  climate  on  the 
peripheral  nerves  and  vessels.  Tropical  anaemia  is  a  condition  not 
of  the  blood,  but  of  the  skin  and  subcutaneous  tissues. 

Every  one's  experience  includes  a  few  persons  who  ai-e  perfectly 
well  <lespite  an  almost  bloodless  condition  of  the  skin. 

On  the  other  hand,  anaemia  may  exist  when  there  is  a  good 
color  in  the  face. 

We  are  to  judge  of  anaemia,  then,  solely  by  the  blood  examina- 
tion, and  this  judgment  can  be  accurately  made  on  the  basis  of  the 
small  fraction  of  a  drop  used  for  examination,  jrroinded  always  that 
our  technique  is  good,  and  pravided  we  make  allowances  for  a  con- 
siderable error  whenever  there  is  reason  to  suppose  that  any  venous 
and  capillary  stasis  is  present,  or  that  the  blood  is  temporarily  con- 
centrated or  diluted. 

Disfhit'tion  hetwenn  Primary  and  Secondary  Ancnmia, 

In  one  sense  all  anaemia  is  secondary.  It  is  due  to  some  cause, 
a  symptom  in  a  chain  of  events.  But  in  some  cases  we  know  the 
cause  and  in  some  we  do  not. 

((i)  Pr unary  anannia.  is  that  in  which  the  causal  fai^tors  are  either 
entirely  unktioirn  nr  are  apparently  insufficient  to  jjroduce  so  serere  a. 
disease.     This  division,  like  most  of  our  statements  about  the  blood, 

'  Boston  McdicHl  aud  Surgical  Journal,  August  28d,  1804. 
^  When  the  haemoglobin  is  high  the  number  of  corpuscles  is  never  consid- 
erably diminished. 

•So  far  a«  present  methods  of  examination  go. 
H 
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iit  a  itjugli-and-ready  one,  lielil  'm  [ironsiuimlly  until  a  better  clu^fl 
ficatioii  ia  discovered.  It  has  a  certun  utility  if  not  used  with  any  \ 
less  simple  meaning  than  that  giveu  above. 

There  is  no  good   evideniie   that  there  aiti  any  jjriiuary   dis-  ^ 
eases  tit  the  bl»od-uiakiug  funi^tions.      A  case  of  secimdiuy  aiia!- 
mia  ist  one  iji  whieh  we  have  an  oliviouB  cause  such  as  hemorrhage 
or  nialaiia  for  the  loss  of  corjmwle  substaiiw.       R^nn 
and  the  aniemia  ceases.     SometinieB,  however,  after  ivmoval  of  the 
cause,  r.i/.,  after  cmv  of  a  ease  of  syjihilis,  the  anaemia  set  agoing  1 
by  the  syphilis  twrsists.     On  tlie  other  hand,  there  are  few  patients  j 
with  "priuiary"  antemia  who  eanuot  rcCHll  ttonte  event  in  tlieir  ]>a8t  i 
lives  sufficient  to  account  for  ii  n-rtuiu  ffnirlr  nf  'iiiu'wi'i  (f.'j., 
nervous  sho<>k,  a  hemorrhage,  an  attack  of  I«rtiaii  malaria).     Vet   1 
if  tjie  Kntemia  that  occurs  after  so  slight  acau)M>  is  of  the  pemicioua  I 
or  fatal  tyjie,  we  may  fairly  cull  it  " /irltinirif."     By  this  we  ineaii    , 
that  though  the  "  cause "  assigned  might  produw  Mmr  anaemia,  it 
was  not  sufficient  to  produce  r/iU  fatal  onwmia  ami  has  presumably 
littJe  or  no  eotinection  with  it.     "  Primary  "  means  not  the  absem-e 
of  'iMi/  cause  of  aiiivmia  ui  tlie  history,  but  the  absence  of  any  imffi- 
rinnt  <'ause  so  far  as  is  known. 

An  attaett  of  tertian  malaria  or  a  history'  of  bleeding  piles  doea  , 
not  cause  fatal  anoiimia  in  999  out  of  1,0()0  jwople  who  have  such  a 
history.  lu  the  l,OOOUi  it  is  a  ease  of  ^"w/  h'lr  amd  not  projitrr  hoc. 
Given  the  luikuowii  cause  tliat  '/'"■«  lead  to  '*  primary  "  ajiiemia,  and 
it  might  be  that  a  pregnancy,  a  nervous  shock,  or  the  presence  of 
intrstinal  jiani-tites  would  act  as  the  straw  that  breaks  the  camel's 
back;  but  rlir  imj^trf'/Nf  niiimil  fiirtnr  in  thf  iinkmiii-ii  furfur.  Evi- 
dence is  accumulating  in  supiK>rt  of  Hiuiter's  view  that  (lemicinuB 
BDfflruta  is  due  to  exG«Bsive  blcHKl  destmction  produced  by  toxic  sub* 
RtaiK-es  absorlied  from  the  gastro-iiit^'Stiiial  tra4rt.  Chlorosis  is  now 
generally  believed  to  Ive  a  disease  re  pre  sen  ting  defective  blood- 
formation.     Hut  we  are  still  ui  the  realm  of  theory  in  these  mattera. 

It  is  true  that  in  the  majority  of  cases  we  can  tell  fri>m  the  blood   ' 
examination  alone  whether  a  case  is  witlioiit  known  cause  (=  "  pri-   i 
mary")or  sjnnptomatic  (=  "secondary").     But  there  appear  to 
be  enough  exceptions  to  this  nde  to  make  us  cautions  al>ont  stating  i 
it  as  a  law. 
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Secondary  Anfrmh. 

I.  First  Stage. — I  defined  anaemia  above  as  a  dintinutinn  in  cor- 
puscle  substance.  In  the  milder  types  of  this  condition  the  number 
of  red  corpuscles  is  not  diniiliished  at  all,  but  the  individual  cell  is 
small,  i)ale,  and  of  light  weight,  through  loss  of  nitrogenous  mat- 
ter.    This  is  appreciated : 

{a)  As  a  lack  of  colonng  matter; 

(/;)  As  a  lowering  of  the  specific  gravity. 

In  the  mildest  grades  of  secondary  anaemia  thei-e  are  no  further 
changes.  Such  cases  are  those  due  to  errors  in  hygiene — bad  air, 
poor  food,  lack  of  light  or  exercise— to  small  hemorrhages,  and  to 
the  earlier  stages  of  the  diseases  next  to  l)e  mentioned. 

The  lack  of  coloring  matter  is  usually  not  present  in  every  cell, 
as  is  seen  in  the  stained  specimens.  Some  ai-e  very  pale  at  the  cen- 
tre, while  others  are  well  stained. 

II.  Second  Stage. — Usually  the  next  changes  to  apjjear  are,  like 
those  alreaily  mentitmed,  qualttatirej  the  niunlx*r  of  red  cells  still 
remaining  normal  or  approximately  so. 

Tlie  individual  cell  as  seen  in  fresh  pi-eparations  is  more  or  less 
deformed  and  varies  from  its  normal  diameter,  dwarfed  forms 
usually  being  commoner  than  the  giant  forms.  These  variations 
in  size  and  shai)e  ai*e  sometimes  termed  ^^ polkUoej/tf^siSy"  and  the 
dwarf  and  giant  forms  are  called  re8i)ectively  microcytes  and  ma- 
crocytes. 

Maragliano'  has  included  the  above  changes,  together  with  others 
about  to  be  described,  under  the  heading  of 

Nein'ohlosis  in  the  red  eorjHtseffSj  attributing  them  to  a  patholog- 
ical condition  of  the  sennn. 

The  changes  united  luider  this  heading  may  be  divided  for  con- 
venience' sake  into 

(a)  Endoglobulai"  changes. 

(b)  Poikilocytosis  and  crenation. 

(c)  Changes  in  staining  properties. 

(d)  Changes  invohnng  motility  in  the  corpuscle  as  a  whole,  or 
in  pai-ts  of  it. 

(e)  Decrease  in  the  average  diameter  of  corpuscles  with  loss  of 
the  power  tf)  form  rouleaux. 

All  these  changes  may  l)e  watched  in  normal  blood  outside  the 

•XI.  Cong.  f.  Inn.  Mwl..  Unpzig.  18U2. 
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veflsels,  aa  ne<^rosis  gradually  CDines  on  fruiii  contact  with  the  a 
Under  patluilogita]  conditions  the  sauie  (diauges  may  ix'cur  outside 
the  liady,  but  iiioitt  qiiii-kly  than  usual  <as  other  diseased  tixaues 
deeaiupose  more  qiiickl;  after  death  than  those  of  a  Bound  man    j 
suddenly  killed),  or  <i«iWe  (Ac  l«Hiy.  | 

{>! )  Kifl-jhil'i'Inr  ChiiHij'-*  (see  Fig.  L'*!,  ").— These  (consist  in 
the  appearaiieu  of  elear  hyaline  spai^s  of  various  sbapea  within  the 
(Mirpusi'te,  round,  triangular, 
rod-sha])ed,  et^;,  In  the 
fresh  ajiei-iuien  they  change 
thvir  »hape  rapidly  and 
continually  i  in  dried  and 
stained  specimens  they  ap-  , 
|)ear    as    shar))ly    outlined 

ao.     r^~      a^  l^iA^**  ''^''*  ^P*^''*  ""  ^^  eorpuB- 

U-h     ^J.  jggp    _  ,le.     In  normal  blood  then*  - 

i-hauges  oi-eur  after  thirty 
to  seventy  miniitea  outside 
the  vcasels.  In  some  path- 
ological conditions  8pe<ti- 
mens  show  them  the  in- 
stant the  blood  is  eollect^d, 
and  presumably  they  were  present  before  it  left  tlie  vessels, 

{!,)  Cr'-uutl.,ii  und  FoikU'x-iftotU  (Fig.  I'B,  l.)  —What  we  know 
as  ereiiatioii  in  the  eorpuscles  is  probably  the  same  sort  of  proc- 
ess which,  occurring  within  the  vessels,  we  call  poikilocytosia.  A 
lump  rises  at  ime  or  more  jKiints  in  the  corpuscle,  lH.-i!oines  more 
pointed,  and  gradually  the  whole  cell  acquires  amieboid  motions, 
assuming  in  suceessiun  the  various  shajtes  with  whiith  we  are  famil- 
iar in  poikilocytes.  Hayem  has  minutely  described  four  types  of 
motion  in  the  red  cells  of  aniennc  bhxid. 

1.  General  amceboid  motion  of  the  whole  cell. 

2.  Vennieular  motion  of  H^^lla-like  ^irolongationn. 

3.  Uscillating  motions,  esiiecially  in  small  light  cells. 

4.  Pseudfi-parasitio  motion. 

(r)  The  [Hiintfil  projei-tijjnsnnay  break  off  and  move  about  ac- 
tively in  the  plasma.  Thi^se  moticgis,  as  well  as  the  preueding 
amn?boid  movement  of  the  whole  corpuscle,  are  hi  be  explained  88 
irregiilar  I'ontractions  of  the  necrobiotie  ])rotoplasm,  Mimilar  it: 
gi-nerul  way  to  th<-  actions  of  a  hen  after  its  liea<l  is  cut  off.     Theae 
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notions  are  not  to  be  ej>iifoun(lf(l  witli  the  finer  Brownian  or  "mo- 
Iti'ulai"  movemeHt.  to  bd  seen  iu  any  healthy  eell.  The  small  bits 
broken  ofE  (Fig.  2G,  r)  are  doubtless  the  dwarf  eella  B^en  in  tlrieil 
and  staiueil  preparations.  Curiously  enougli,  these  fragments  tend 
again  to  assume  the  bieoncarity  character! stir  of  normal  cells,  as  a 
drop  of  fat  breaks  into  smallf  r  but  similar  drops. 

(»/)  0(iff/«/ir/^>p.— A  great  many  eases  of  iwriiicious  anemia  and 


some  other  diseases  ^see  K)iidi-iiiie  I>ropsy,  page  25f>)  show  a 
marked  tendency  to  oval  shajies  in  corpuscles  not  otherwise  consid- 
erably deformed.  Even  in  normal  blood  I  think  there  are  a  small 
numlier  of  oval  foi-ms,  ami  in  auEemia  this  number  may  be  greatly 
iiicreaseil  till,  as  in  Fig.  '27,  we  get  all  the  cells  elongated.  ThH 
same  appearance  can  be  produced  by  roughness  in  sprea<^ling  the 
blood,  but  in  such  ease  the  deformed  corpuscles  all  point  one 
way. 

(r)  Ckanijrain  Stinntttff  Projieiiie*. — \ormal  red  corpusolea have 
affinity  chiefly  for  acid  stains.  The  same  degenerative  changes 
that  lead  to  the  alterations  in  shape  and  size  above  described  alter 
tlie  staining  properties  of  the  cell  as  well,  so  that  it  takes  up  two  »r 
three  colors  (accordiug  to  the  iiuml)er  present  in  the  stain),  eithiT 
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as  a  iliffiiBL-  mixtiire  or  irrepilarly,  Btime  parts  of  the  eeU  taking  n 
color  tliffen?iitlj-  frtnii  others.      In  leail  poisoning  minute  bits  of  th«    i 
red  eclla  iR-cume  basophilic,  so  that  the  eell  presentB,  with  appro-    , 
jiriate  staining,  a  stippled  KkjIc.     The  same  change  occurs  in  per-  i 
nicious  aiiwmia  aiitl  iH'i'asionally  in  otlier  varieties  of  aiuemia.     This    [ 
has  been  tinned  a  "jmlr/r/irumatop/iiHi-"  or   degenerative  nhangp. 
i^imv  observers  have  snppoBed  it  to  be  leather  of  the  nature  of  rr- 
fffiiTiiiiiin,  believing  that  the  cells  take  color  in  this  unorthodox 
way  l)et8us«  they  are  half -developed. 

{/)  In  many  secondary  anaemias,  esjMwially  in  tho»e  associated 
with  inflammations,  the  average  diameter  <}f  the  cells  is  lessened, 
and  the  rouleaux  are  not  formed.' 

(g)   Cells  may  h'se  their  hemoglobin  altogether,  leaving  only    i 
the  shell  of  the  corpU8(^le  behind  (see  Fig.  tifi,  il). 

N<»w  all  these  neerobiotic  changes  arc  eharacteristie  of  the  se- 
verer  grades  of   secondary    antemia   such    as    iiccur    in    r^anwrous   < 
oaohexiti,  jihthisis,  nephritis,  etc. 

In  pernicious  aiuemia  thpy  are,  as  a  nile,  much  more  marked  i 
than  in  any  other  disease.  Maragliano  considers  these  degenerative 
changes  to  b«i  due  to  toxic  plasiua.  A  lesseued  resistance  to  the 
ordinary  plasmat-nv  iron  men  t  on  the  part  of  the  I'ed  cells  wouhl  also 
explain  them,  and  in  such  affections  as  paroxysmal  hiemoglobinuria 
it  seems  the  most  probable  cause.  In  syphilis  the  abnormal  sensi- 
ti^'eness  of  the  red  cells  to  the  influence  of  mercury  seems  another 
instance  in  which  the  red  cells  ai-e  immature,  decrepit,  or  weak.  In 
syphilitic  children,  for  instance,  mercury  eii.sily  gives  amemia,  while 
in  healthy  children  it  does  not.  This  will  be  discussed  more  fully 
under  syphilis. 

The  neerobiotic  phenomena  above  described  have  been  observed 
by  Maragliano  in  carcinoma,  lead  poisoning,  leukusmia,  pernicious 
amemia.  purjmra,  cirrhotic  liver,  nephritis,  pneumonia,  malaria, 
typhciid,  erysijWas,  and  tubei^culosis.  Celli  and  fluamieri  {Fort- 
trhritt'-  ihf  Jfntii-iii,  1889,  No.  14)  found  them  in  measles  and  »car-  , 
let  fever.  Weintraub  {Vlrrbine'ii  Arrhh;  vol.  cxxxi.)  noted  them  i 
in  epilepsy,  pyemia,  lUiil  eiitarrhal  jaundice. 

A  decreased  resistance  to  pressure,  to  electric  currenta  and  other 
Inflnenees  has  also  beeu  noti'd  liy  v.  Limbeck  in  some  cases. 

Such  weakenlug  of  the  red  cells  experimentally  produced  in  ani- 
'  But  <n  ilii-  wpntit  Innns  of  aiuemiu  Uii.-  ilkmctcra  ur<^  apt  to  bt  lucrcucd 
(Hev  Iwluw,  Pi'riiicious  AutciuU). 
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mals  by  poisons  has  been  found  (Mya  and  Sanarelli,  Arch,  ifal.  di 
Ji'wloy,y  xvii.,  1892)  to  increase  the  susceptibility  to  infectious 
diseases. 

III.  Third  Stage, — Here  the  number  as  well  as  the  quality  of 
the  ivd  (jells  begins  to  suffer.  So  far  I  have  mentioned  only  the 
(jualitative  changes  in  secondaiy  anaemia  and  have  purposely  made 
these  changes  more  prominent  than  the  actual  diminution  in  the 
count  of  red  c^lls,  because  it  is  only  cx)mparatively  rarely  and  in 
very  marked  cases  that  the  diminution  in  red  corpuscles  is  con- 
siderable. The  blood  characteristic  of  most  cases  of  secx)ndary 
anaemia  is  one  in  which  the  number  of  red  cells  is  approximately 
normal. 

The  imix)rtant  exceptions  to  this  nile  ai*e :  1 .  The  anaemias  of 
infancy  and  early  childhood.  2.  Large  hemorrhages  (soon  after 
their  occurrence).     l\.  Malaria.     4.  Acute  septicaemia. 

The  dirt»ct  and  rapid  destruction  of  the  corpuscles  by  the  mala- 
rial organism  or  hemorrhage  account  for  this.  Of  sepsis  and  the 
anaemias  of  infancy  I  shall  si)eak  later. 

IV.  Fourth  Stage, — The  blood  of  secondary  anaemia  shows  often 
evidence  not  only  of  degeneration  and  destruction  of  the  cells  but 
also  of  regenerative  changes,  namely : 

Nut'If4tted  Red  Cells, 

These  are  usually  divided  into  three  groups 

(<f)  Normoblasts. 
(li)  Megaloblasts. 
(o)  Mici*oblasts. 

Noriaohlaats, 

(a)  The  first  are  normally  present  in  moderate  number  in  the 
bone  marrow  of  healthy  persons,  and  in  great  numbers  in  the  mar- 
row after  hemorrhage.  They  are  generally  considered  to  be  a 
younger  stage  in  the  life  of  the  corpuscle  than  the  non-nucleated 
fonns  seen  in  the  circulating  blood.  Heiure  the  api>earance  in  the 
peripheral  circulation  of  this  form  of  nu(»leated  cell  is  cx)nsidered  to 
mean  that,  in  the  comparatively  plentiful  reproduction  of  red  cells 
called  forth  in  the  marrow  by  the  anaemia,  a  certain  number  of  red 
cells  leave  the  nursery  (the  marrow)  before  they  are  grown  up  and 
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oirenlatfi  fur  a  time  iu  their  iimuatiire  staii-.  A  iiormohlast,  (Jum, 
represetitH  an  immature  red  eorj>uscle  (see  Plate  tV. ). 

In  size  aiiil  color  it  is  like  an  uriliiiary  red  cell  except  that  we 
find,  usually  isoinewhat  to  oue  side  uf  it,  a  round  iiucleiis  about  one- 
half  the  diameter  of  the  whole  cell.  With  Ehrlich's  tricolor  mix- 
ture, this  iiudfiia  xtuiiiH  very  def[i  blue,  nearly  black,  and  is  sharply 
outlined  against  tlie  pale  yellow  of  the  cell  body  around  it. 

The  wll  i)ften  looks  an  if  it  were  pushing  its  nuideus  out,  i.e., 
in  many  instances  we  see  the  nucleus  projecting  over  the  edge  of 
the  corjiusi'le,  or  half  out  of  it,  and  oi^'jisionally  we  lind  it  lyinp 
beside  the  iwrpuscle  from  which  it  has  just  emerged ;  but  this  ap- 
pearani'4!  is  probably  an  artifwt  uiid  not,  as  Elirlich  tliought,  the 
regular  way  of  disposing  of  tlie  normoblast  nucleus. 

Very  frequently  the  inndeus  hits  toward  the  centre  a  light  8jK>t, 
sometimes  so  brilliant  that  it  looks  like  the  reflection  of  light  (i-om 
the  surfaire  of  a  drop  of  ink  or  any  dark  liquid,  what  arlistiS  cull 
the  "high  light."  Occasionally  there  are  several  of  these  light 
H|Kit9  in  a  nucleus,  or  it  may  be  all  light  bhu-gray  exce|>t  a  dark 
blue  rim.  This  is  the  <wuimonest  type  of  normoblast.  Hut  now 
and  then  we  meet  with  one  when  the  nucleus  is  more  or  less  sepa- 
n,te<i  into  two  or  more  pieces.  These  pieces  are  usually  connected 
hy  pale-8t&iniii(;  "briilges,"  |>erhaps  radiating  from  a  centre  so  that 
the  nucleus  is  "rosettc-Hhajted,"  or  it  may  take  any  one  of  a  large 
number  of  iliffereut  shapcA.  The  parts  of  the  nucleus  which  are 
nearest  the  {leriphery  uf  t)ie  oell  uxually  stain  more  deeply  than  the 
"bridges  "  which  join  them. 

Sometimes  the  nucleus  breaks  apart  completely  and  we  tind  two 
or  more  sejtarate  unconnected  nuclei  within  the  sint^le  cell.'  Or 
one  of  the  pieces  may  be  outside  the  cell  and  the  others  inside. 

Barest  of  all  is  the  appearance  of  true  mitosis  in  the  nucleus  of 
a  normoblast. 

(b)  The  typical  megaloblast  as  nsttally  described  is  eo  onlika 
the  normoblast  that  we  should  not  naturally  think  of  them  as  near 
relations. 

It  does  not  occur  anywhere  in  the  healthy  adult  body,  not  even 
in  the  bone  marrow.     In  the  early  ftBtal  marrow  and  in  the  marrow 

'Apparently  the  ducIi'iis  in  iilHturlwd  or  (Icgeoeratca  (see  Israel  aad  Rip- 
pcnhHrn:  Virrliim-'s  Arcliiv.  vol.  cxlilj.). 
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and  circulating  blood  of  grave  forms  of  anaemia  it  is  to  be  found, 
usually  in  company  with  a  certain  number  of  normoblasts. 

Ehrlich  described  megaloblasts  as  the  sign  or  product  of  a  differ- 
-ent  type  of  blood  formation,  namely,  the  f(Btal  type^  and  considered 
those  anaemias  in  which  it  occurs  as  tending  to  a  return  of  the  blood 
to  the  foetal  state.  [This  has  been  recently  confirmed  by  the  re- 
searches of  Pappenheim,  though  Ehrlich' s  detailed  theory  of  two 
methods  of  blood  formation  is  now  generally  discredited.  All  nu- 
cleated red  cells  lose  their  nuclei  by  "  absorption  " ;  none  by  extru- 
sion.] Ehrlich  regarded  the  presence  of  megaloblasts  as  a  bad 
prognostic  sign,  and  believed  that  a  pernicious  or  fatal  anaemia  was 
characterized  by  an  excess  of  these  cells  over  the  normoblasts.  He 
recognized  that  they  might  be  found  in  various  milder  forms  of  anae- 
mia; but  here  the  jtreraUing  type  is  the  normoblast,  and  regeneration 
may  be  more  active  than  degeneration.  In  his  general  conception  of 
the  prognostic  iiiipoi-t  of  megaloblasts  Ehrlich  has  been  suppoi-ted  by 
the  weight  of  later  clinical  observation,  although  it  has  been  shown 
that  the  anaemia  due  to  intestinal  parasites  can  be  cured,  despite  the 
l)resence  of  the  megaloblasts  as  the  prevailing  tyi)e  of  nucleated  red 
cells.  So  far  as  I  know  this  is  the  only  exception  to  Ehrlichia 
rule. 

The  t  If  pica  I  mefjalMast  is  an  abnormally  large  cell  (11  to  2()  it  in 
diameter,  frequently  showing  marks  of  degeneration  (}K)lycliromato- 
])hilia)  in  its  protoplasm,  which  is  therefore  brownish  or  purplish 
with  the  Ehrlich-Biondi  stain.  Its  nucleus  is  very  large,  tilling 
most  of  the  cell,  and  contrasts  with  the  normoblast  nucleus  not  only 
by  its  greater  size  but  by  the  pale,  even  stain  which  it  takes  up. 
The  commonest  color  of  the  nucleus  with  the  Ehrlich-Biondi  stain 
is  i)ale  green  or  robin 's-egg  color.  It  is  not  stained  evenly  but 
dotted  over  with  purplish  granules  arranged  in  a  fine  mesh  like  the 
knots  in  a  fish-net  (see  Plate  IV.). 

Outside  the  nucleus  there  is  usually  a  retraction  band  of  clear 
white,  ai>i)arently  an  emi)ty  space,  separating,  the  nucleus  from  the 
encircling  protoplasm.  The  protoplasm  close  round  this  colorless 
ring  is  usually  stained  more  deeply  than  the  rest  of  the  cell. 
Cracks  and  "  flaws "  are  sometimes  to  b€»  seen  in  the  protoplasm, 
giving  evidence,  jis  its  purplish  stain  does,  of  the  necrobiotic  changes 
descrilx^d  by  Maragliano. 

The  outline  of  the  whole  may  be  quite  circular:  oftener  it  is  oval 
or  somewhat  irregular,  but  rarely  much  deformed. 
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JUiWiMiistx. 

(p)  Microblasts,  which  are  rarer  than  either  of  the  varieties  juat 
described,  consist  of  a  uiicleus  like  that  of  a  uormohlaat  or  smaller, 
a»d  eontained  iii  a  ccW  body  miinllfr  thau  the  normal  red  corijusck. 
Iti  tile  writer's  experience  the  cell  liody  is  usually  I'educed  to  a  few 
shreds  of  discolored  protoplasm  hanging  altout  thi>  nucleus  (see- 
Plate  IV.).  Their  cliuieal  signiticaucc  is  generally  supposed  to  be 
that  of  luegalo blasts. 


(>ft#ii  we  lind  in  a  given  sjiccimen  of  blooti  «n/y  typical  nor- 
moblasts, microblastN,  or  meguloblasts,  and  aceurdiugly  can  easily 
rtH'kon  up  the  number  of  eath  kind  and  see  which  type  of  blood 
formation  predominates.  Hut  sometimes  there  are  is^lls  present, 
about  tlie  clasaitication  of  which  we  cannot  come  to  a  decision,  and 
1  have  occasionally  seen  a  speciiueii  of  blooti  containing  a  lai^ 
nnniber  of  imcleateii  red  cell.i  tin  •inn  ••/  irliirh  couhl  strictly  be 
dn^sed  ritlifi-  as  a  "normoblast,"  a  "niegaloblaat,"  or  a  "micro- 
blast,"  as  these  are  defined  above. 

The  researehes  of  I'apjienheim  have  thrown  much  light  on  this 
difficulty.  While  insisting  with  Ehrlich  that  the  megaloblast  and 
the  normoblast  repi'esent  rfS[iei'tively  the  early  fittal  and  the  jMWit- 
utcrine  types  of  blout'.  fonuatiim,  and  that  there  are  no  real  "traiis- 
iti<ms "  from  the  one  to  the  other,  lie  yet  reeognizea  tliat  the  two 
varieties  are  not  nlmntiiteJi/  to  l»e  differentiated  by  any  of  the  ordi- 
narily accepted  criteria  such  as  size,  color  of  imeleuH,  eU:.  Must 
"  inegaloblBJtts,"  he  admits,  are  larger  than  iii'u>t  normoblasts,  but 
there  are  occasional  giant  normolilaabii  ami  dwarf  luegaloblasts 
which  by  size  alone  are  indistinguishable.  The  large,  ]iale,  deli- 
cately netted  nucleus  of  the  "  uiegaloblasts  "  is  simply  a  n'liuuj  nu- 
cleus. All  young  nuclei  are  relatively  large  ami  pale,  while  the 
mnall  dark  nucleus  of  the  normoblast  is  simply  an  nlil  or  degener- 
ating nucleus.  The  rvid  criteria  of  the  two  varieties,  according  ta 
faplH'iiheim,  is  not  the  size  or  color  of  niicieuB  nor  of  the  whol» 
wll,  but  the  structure  of  tlie  nuclear  network.  This  is  a  point  diffi- 
cult to  make  out  by  ordinary  stoning  methods  and  not  easily  appre- 
ciated. I.uckily  for  us,  most  "  megaloblasts  "  nrr  larger  than  most 
"  nonuobla-ittt " ;  and  further,  most  of  them  as  seen  in  the  blood  ara 
yiiing  {i.r.,  have  largi-  |>a]c  nuclei  with  dc iicat«  chi-omatin  network). 


PLATE  IV. 

(1)  m.mttii^m — Tonng  fuegalftbUtMtn. 

(2)  I),D,D,D\  the  ii/i/>er  ^(M>  art;  probably  <>M  Tu^rm^MfiWto  with  degenerating 
nuclei,  and  the  lower  two  old  megaloblast^  with  nuclei  in  a  similar  condition. 

(3)  o,o,o,o,  etc. — The  two  cells  in  the  lower  right-hand  comer  are  probably 
M  viegalobUuU  whose  nuclei  are  nearly  absorbed.  The  three  cells  immediately 
to  the  left  of  these  arc  probably  young  normoblasts — the  lowest  one  being  tlie 
youngest.  The  other  four  cells  marked  **o,o,o,o"  (those  to  the  extreme  left) 
are  proliably  middle^iged  m^egaUMasts.  The  two  labelled  "*  Normoblasts  **  are 
really  old  ttormnhUuts.  The  appearance  of  extrusion  of  the  nucleus  on  one  of 
them  is  probably  an  artifact.  The  large  cell  on  the  extn*me  upper  right-hand 
comer  is  probably  a  megaloblast  with  a  "pyknotic"  or  (p<iematouR  (degener- 
ating) nucleus. 

(4)  In  the  young  or  **  typical  "  megaloblastH  (m.m,m,//0  note  the  whit4*  line 
around  the  nucleus,  the  variations  in  its  tint,  and,  in  two  of  them,  the  discol- 
orati<ms  of  the  protoplasm  (polychromatophilia),  especially  near  the  nucleus. 
The  lower  of  the  two  cells  in  karyokinesis  shows  the  best. 

(5)  In  the  nticrabiiist  note  the  nigged  i*dge  of  the  pn)toplasm. 

(6)  In  the  lower  portion  of  the  plate  C  nelU  def'orwed  in  size  or  sJuipe^^)  an 
actual  Held  from  a  cast*  of  pemicious  anaemia  was  copied.  Macntcytfn  (or  largt* 
cells),  microcytes  (or  small  cells),  and  misshapen  cells  (»r  jMrikiUtryUn  are  shown. 

(7)  The  "* polyrhromatophilir  cells"  in  the  lower  right-hand  comer  were 
stained  with  the  same  mixture  as  those  to  the  left  of  them,  but  have  taken  up 
other  colors  besides  the  orange  G,  which  altme  is  taken  up  by  normal  nni  vvlU. 
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while  most  *^  normoblasts  "  are  oldy  as  shown  by  their  small,  dark, 
coarse-skeined  nucleus,  so  that  in  the  majority  of  cases  Ehrlich's 
criteria  for  the  two  varieties  are  sufficiently  correct  for  diagnostic 
purposes.  Pappenheim  of  course  wishes  to  abandon  the  terms 
" megaloblast "  and  "normoblast"  altogether,  but  since  size  still 
remains  the  most  easily  recognized  criterion  of  "  megaloblasts  "  and 
"  normoblasts  "  I  shall  continue  to  use  the  terms.  On  the  chances, 
then,  any  nucleated  red  cell  over  10  fi  diameter  should  be  classed  a^  a 
meyaloblast  whaterer  the  appearance  o}  its  nucleus^  and  any  nucleated 
red  cell  uiuler  10  ii  diameter  is  probably  a  normoblast  whatever  the  ap- 
pearance of  its  nucleus.  Microblasts  simply  represent  degenerating 
forms  (usually  normoblasts)  whose  protoplasm  is  falling  away. 
The  clinical  significance  of  the  two  varieties  is  just  such  as  Ehrlich 
supposed.  [These  points  will  be  made  clearer  by  reference  to  Plate 
IV.  and  the  remai-ks  intended  to  explain  it.] 

In  most  cases  of  severe  secondary  anaemia  we  find  a  few  normo- 
blasts. In  very  severe  forms,  whatever  the  cause,  we  may  or  may 
not  find  an  occasional  megaloblast.  But  these  are  much  rarer  than 
the  normoblasts,  even  in  the  severest  types  of  secondary  anaemia. 
The  only  exceptions  to  this  rule  are  the  anaemias  due  to  intestinal 
parasites,  in  which,  though  secondary  and  curable,  the  megaloblasts 
in  some  cases  predominate  over  the  normoblasts. 

Summing  up  the  changes  characteristic  of  secondary  anaemia^ 
which  includes  almost  all  the  important  pathological  appearances 
occurring  in  red  cells,  we  have : 

i  (a)  Lack  of  haemoglobin.     ) 

I.  -  (^)  Lowered    specifics  Characteristic  of  mild  cases. 
(  gravity.  ) 

II.  The   alx)ve    and    necrobiotic  |  Characteristic    of    moderate 

changes  of  Maragliano.  )  cases. 

'  (a)  Lack  of  red  cells. 

III.  {b)  Presence         of       normo- 
blasts   and    the    above 

(I.  and  II.). 

IV.  Megaloblasts   and  the   above    Characteristic  of  very  se- 

(I.,  II.,  and  III.).  vere  cases. 

The  changes  in  the  white  cells  will  be  discussed  in  the  next 
chapter. 

Among  the  commonest  causes  of  secondaiy  anaemia  are :  I.  In- 
fective and  febrile  diseases,  acute  or  chronic.     II.  Malignant  dis- 


Characteristic  of  severe 
cases. 
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ease.     III.  Chronic 

suppurations,    nephritis,   chronic    dysentery,  ^^M 

<;iri'ho8is  of  the  hv^r. 

IV.   Had  hygiene,  pregnancy,  and  lactation.    ^^| 

V.  luteMtijial  parasites,     VI.  Poisous  (lead,  aiseuie,  etc.).                   ^H 

Tu  discuss  the  way  In  which  each  of  these  inftuences  actti  in  jiro-     ^^H 

ducing  aiiaimia  is  tempting,  but  falls  outside  the  plan  of  this  book.     ^| 

The  following  are 

gooil  exa]ii))le8  of  the  condition  of  the  blood :    ^^M 
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2.    HyDR.£MIA. 


(a)  Seen  from  the  opposite  point  of  view  almost  all  cases  of 
anaemia  are  hydraemic.  That  is,  if  the  total  voliuue  of  blooci  is  to 
remain  approximately  constant  (as  it  appears  to  do),  any  loss  of 
solids  (corpuscle  substance)  must  be  made  up  by  water  taken  in 
from  the  tissues.  Hence  any  anaemic  person's  blood  is  thin,  wa- 
tery, or  hydraemic.  Women's  blood  is  somewhat  more  hydraemic 
than  men's,  because  less  rich  in  cells.  Ordinary  chlorosis  and 
secondary  anaemia  show  no  more  water  than  normal  in  the  serum, 
but  the  cells  are  probably  somewhat  water-logged. 

(b)  In  many  conditions  of  dropsy,  whether  from  heart  or  kid- 
ney, we  may  have  more  water  than  normal,  both  in  the  plasma  and 
in  the  corpuscles  themselves,  which  are  capable  of  taking  up  con- 
siderably more  than  their  normal  amount  of  water. 

(c)  Any  temporary  dilution  of  the  blood  under  the  conditions 
mentioned  above  (ingestion  of  liquid,  lowered  blood  pressure,  etc.), 
is  from  one  point  of  view  a  hydraemic  condition. 

No  special  clinical  significance  attaches  to  it  other  than  that  of 
anaemia,  whose  correlative  it  is. 

(d  )  The  investigations  of  Haldane  and  Smith  seem  to  show  that 
the  total  volume  of  plasma  is  greatly  increased  in  certain  types  of 
anaemia,  although  its  specific  gravity  remains  normal.  This  is  one 
type  of  hydraemia  (see  page  6). 


LErCOCYTOaiS-I.VMPHdCVTOSIS-EOSINOPniLIA  — 
MVKLOCVTEtf. 

Mmi  (roiifusinii  ha£  been  caused  in  the  past  by  the  failure  to  see 
in  leukemic  blood  anything  more  than  an  extreme  and  i>ermaiient 
fcinn  uf  leuroeytumii,  while  leucocytoels  was  thought  of  as  a  iiiihl 
and  temporary  IpiitcffiUiia. 

W«  kmiw  now  tJiar.  they  are  quite  different  phenomena,  differ- 
ing not  in  the  number,  hut  in  the  /ihiit  of  cells  present  in  the  in- 
creased  numbers. 

There  are  many  difficulties  in  defining  leucocj-toain.  To  my 
mind  the  term  is  liest  used  to  mean :  An  Inrreiiiu-  hi  the  mnubfr  of 
trurnrj/trn  in  the perip/imil  blood  oi-rr  ihr  niiml/rr  normal  in  tlir  ir»- 
d'nf'ulnnl  etitff  this  inertaM  tievm-  involvin'j  »  tlimlnuiion  in  thf  jhiIi/- 
mniji/ionui'lrtir  varipliiv,  Inif  i/t^rralli/  it  markfd  itlmiilutr  and  relative 
gain  over  the  number  previtiimli/  /irrtieiil. 

(a)  I  say  "  iu  tlie  peripheral  IiIimkI  "  because  most  nbeervers  now 
hold  that  leucocytdsis  is  not  alwayx  a  real  inci-ease  in  the  total  num- 
ber of  leucoejteH  iu  the  body,  but  is  often  the  result  iif  chemotaxis 
or  thermotaxis,  the  wWs  being  drawn  or  attracted  t«i  the  i>eripbery 
ftud  out  of  the  internal  orgauH.  At  any  rate,  in  the  )>luod  drop 
whirh  we  draw  (whether  also  in  the  internal  organs  or  not),  the 
k'ueooytes  are  present  in  increased  minibers  jier  <'uliic  uilliuietre. 
The  stiulies  of  Muir,  Ehrlieh,  and  others  have  made  it  clear  that 
there  are  two  tyjies  of  leuciwytiMtis.  |1)  The  first  includes  only 
leucocytusi-8  of  sudden  appearan<'e  an<l  short  duration  such  as  thtise 
produced  by  cold  Itaths.  Here  tliere  is  no  time  for  the  produclidn 
of  new  cells  and  the  inen-ase  of  white  i^)rpU8cles  in  the  jwiipheial 
btootl  corresponds  in  all  probability  to  a  decrease  iu  the  number 
onlinarily  hoardeil  in  the  pulmonarj-  rapiilaiies  and  elsewhi-re,  the 
total  number  of  leucocytes  in  the  body  remaining  approximately  the 
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same.  (2)  When  leucoeytosis  lasts  for  months,  as  is  often  the  ease 
in  long-standing  suppurations  and  malignant  neoplasms,  there  is  no 
doubt  that  leucocytes  are  formed  and  turned  into  the  circulation 
more  rapidly  than  under  normal  conditions.  The  total  numl)er  of 
leucocytes  in  the  body  is  then  greatly  increased.  In  such  cases  the 
marrow  is  found  to  be  hyperplastic  whether  the  leucoeytosis  is  due 
to  bacterial  toxins  (Ribbert^  or  to  long-continued  experimental  in- 
jections of  albumoses  (Taylor).  Chronic  leucoeytosis,  then,  is  a 
function  of  the  marrow. 

(b)  In  persons  not  usually  to  be  considered  sick,  but  simply 
somewhat  wizened  or  ill-nourished,  the  normal  count  of  white  cells 
may  be  as  low  as  three  thousand  per  cubi(^  millimetre.  For  such 
an  individual  ten  thousand  cells  per  cubic  millimetre  would  be  a 
decidedly  pathological  condition.  On  tlit*  other  hand,  there  are 
j)ersons,  usually  those  of  notable  vigor  and  good  nutrition,  whose 
white  cells  rarely  fall  below  ten  thousand. 

Obviously  we  must  take  account  of  these  differences  both  in  our 
definition  and  in  our  i)ractice  if  we  are  to  reason  correctly  from  the 
data  of  blood  examination. 

(c)  Further  we  must  lay  sti*ess  upon  the  varieties  of  leucocytes 
whose  increase  constitutes  leucoeytosis  in  distinction  from  either 
variety  of  leukaemia  (myeloid,  or  lymphatic). 

For  instance,  given  a  count  of  eighty  thousand  leucocytes  ]>er 
cubic  millimetre,  we  cannot  tell  without  knowing  the  varieties  of 
c^lls  j)resent  whether  the  case  is  a  genuine  leukaemia  or  merely  a 
leucoeytosis  symjitomatic  of  pneumonia,  suppuration,  malignant 
disease,  or  other  c(mditions. 

(fl)  Thus  defined  leucoeytosis  is  of  two  kinds.  1.  That  in 
which  the  relative  i)roj)oi-tions  of  the  different  varieties  to  each 
other  is  unchanged.  2.  That  in  which  the  increase  is  made  up 
solely  or  largely  by  a  gain  in  the  polymorphonuclear  leucocytes. 

The  latter  includes  nearly  all  long-standing  and  pathological 
leucocytoses,  the  former  being  confined  chiefly  to  the  transient 
physiological  leucocytoses  next  to  be  described. 

(e)  Lastly,  in  order  to  be  sure  that  the  })olymorphonuclear  cells 
are  not  decreased,  we  must  know  ai)proximately  what  the  normal 
percentage  for  that  huJiruJunI  is.  The  normal  i)ercentage  of  these 
cells  in  infancy  is  from  twenty-eight  to  forty  per  cent.  In  adults 
it  is  much  higher,  but  varies  like  the  total  count,  according  to  con- 
ditions of  nutrition,  etc.     Thus  the  normal  for  adults  is  usually  set 
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at  from  sixty  to  seventy  \ht  cent,  ami  if  we  im-liiile  the  ohTionslj 
ill-Drmri shell,  but  not  actually  sick,  aiiil  also  those  in  blootnir 
health,  we  shall  have  to  wiilen   our   lumiial  limits  considerably. 
From  fifty  ttj  seventy-live  ])er  rent  are  within  ntirnial  limits  anponl- 
iiijT  to  the   above   eoneejitiini.     Hut   obriously  we   ean   make  no   ' 
absolut*-  juilgineiit  by  a  stajiilard  so  vague.     It  is  miieh  better,  I 
think,  to  consider  ea«h  iiuliviilual  as  his  «vm  .stanilard  within  these   I 
limits,  his  count  of  (lolymorphonuclear  cells  Mng  a  fair  measure  i>f 
the  soundness  and  vigor  of  his  metalmlism.     Thus,  in  an  ob\'iously 
debilitated    individual,  we  should  consider  seventy-two  per  eent   I 
of  these  cells  very  high,  while  in  a  vigorous  athlete  it  might  not  ' 
be  so. 

It  is  the  endeavor  to  include  all  these  limiting  conditions  that 
has  made  luy  definition  so  bing  tind  involved.      !t  gives  us,  if  it  ' 
turns  out  to  lie  true,  some  bt^tt«r  way  of  classing  individuals  than 
us  "siek  "  or  "  well"  as  regards  their  blood  state.     We  tind  out  hum  , 
well  or  how  siek  their  blood  is  (toa  certain  ext*<nt),  I'/)  by  the  total 
numlx'r  i)r  leucoeytes  jiresent,  and  ('')  by  the  )iroj*ortioii  of  poly- 
morphonuclear neutrophiles  in  a  given  one  thousand  of  these  leuco- 
cytes.    These  data  tell  us  approximately  Amr  normul  or  huu-  abnot~ 
mal  a  given  individual's  blood   is.     When  a  given   disease  like 
jnieumunia  occurs,  we  need  to  know,  if  )>osKible,  what  is  tlie  onli-  ] 
nary  Imicocyte  count  and  ditferential  count  of  that  ca.se,  on  top  of  | 
which  a  Inucocytosie  luay  (or  may  not)  be  built  up. 

Condition  of  stasis,  ti.-miiorary  blood  concentration,  ilibition,  and 
vasomotor  diaturlMUnies  must,  of  <'ourse,  l»e  excluded  or  allowed  for, 
since  these  may  increaao  not  only  the  total  leufocyte  count,  but 
often  the  {>errentage  of  p^dymorphonu clear  cells.     Whether  or  not 
differences  of  rai!t>  make  any  difference  in  tlie  normal  I'oiuit  of  whit« 
ctdli*,  I  canniit  say,  but  certwnly  the  average  of  a  group  of  college 
athletes  would  be  higher  than  that  of  some  country  towns  in  New 
England  where  everybody  is  more  or  less  under-nourished;  and  if  | 
one  is  to  ])ractise  among  all  sorts  and  conditions  of  men,  I  think  he   ' 
cannot  but  exjteet  to  find  ]ieo|iIe's  leucocytes  vary  all  the  way  ./Win 
6,000  f'l  10.500  p^r  rubir  mtf/imftre,  without  there  being  more  than    j 
ui ft] nutrition  to  account  for  the  tower  figures. 

We  may  divide leucocytoses  for  convenience' sake  into:  1.  Phy- 
siological leucucytoaes.     2.  Pathological  leucoeytoses. 
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Physiological  Leucocytoses. 

1.  Leucocytosis  of  the  new-born. 

2.  Leucocytosis  of  digestion. 

3.  Leucocytosis  of  pregnancy. 

4.  Leucocytosis  j)ost  partum. 

5.  Leucocytosis  after  violent  exercise,  massage,  and  cold  baths. 

6.  Leucocytosis  of  the  moribund  state. 

The  LeuforytoslH  an  Affe<.^f*d  hy  Digestion, 

(a)  Total  abstinence  from  food  lowers  the  leucocyte  count.  In 
the  blood  of  the  professional  faster  Succi,  the  number  sank  within 
his  iirst  week's  fast  to  861  per  cubic  millimeti-e.  After  the  first 
week  it  rose  to  1,530,  and  remained  there  throughout  his  thirty 
days'  abstinence  (Luciani).'  The  polymorphonuclear  cells  and 
eosinophils  are  said  by  Tauszk  to  be  increased  in  chronic  starvation. 

Von  Limbeck  counted  the  blood  of  a  melancholic  patient  who 
had  fasted  a  week,  and  found  2,800  white  cells  per  cubic  millimetre. 
These  facts  suj>port  the  idea  that  the  number  of  leucocytes  depends 
(within  certain  limits)  on  the  individual's  assimilation  of  food.  In 
cancer  of  the  gullet  we  find  similar  low  figures. 

(//)  After  a  meal  rich  in  proteids  the  leucocyte  count  rises  about 
thirty-three  i)er  cent  in  most  sound  persons.  Ten  thousand  c^ells 
may  perhaps  be  considered  the  average,  three  to  four  hours  after  a 
proteid  meal,  but  if  the  count  before  a  meal  is  only  4,000  or  5,000, 
digestion  will  ]>erhapsnot  raise  it  above  7,000,  while  vigorous  adults 
may  show  13,000.  Digestion  leucocytosis  is  always  relative  to  the 
count  of  the  individual's  blood  wlien  ffisting.  This  is  to  be  ob- 
tained preferably  before  breakfast,  as  during  the  day  the  leucocyto- 
sis caused  by  one  meal  may  not  be  gone  before  the  influenci*  of  the 
next  meal  begins.  Examples  of  digestion  leucocytosis  in  diseases 
other  than  gastric  are  seen  in  the  following  table : 


Case. 

Diafrnosifl. 

Count  before 
food. 

Count  after 
food. 

1 

( Mrrhosis 

10.000 

10.400 

7.500 

5,450 

18,900 

2 

Pneumonia 

21.700 

3 

Ni'unisthenia 

Adhesions  around  gall-bladder. 

18.500 

4 

8,850 

'"Das  IIiingcrD,"  German  tmnalation  by  ().  Frankel.     Hamburg,  1890. 
7 
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Uc-uasioiially  we  sff  «ouii(l  peraoiis  with  little  or  uo  digeBtlvd 
leurocytasis.  ijoiuc^  of  these  cases  are  to  be  explained  by  habitual 
oonstipatiun  (v.  LimU^^k);  iu  others  the  roason  in  uion'  obsniire. 
But  there  Is  no  doubt  of  its  being  the  rule  after  meals  of  mixed  or  J 
pruteid  diet. 

Any  disease  of  tht;  gastro-iiitestinal  tract,  whether  functional  or  J 
organii?,  may  prevent  the  appearance  of  the  digestion  leucucytosifl  J 
(see  lat^r  under  Diseases  of  the  stomach,  page  293).  In  aniemio'| 
and  debilitatt'd  conditions  it  is  frequently  absent. 

In  children  it  is  especially  marked.     SchiR '  records  a  case  of  a 
healthy  infant  whose  blood  an  hour  after  birth  showed  19,IiO(>  (see 
next  section),  after  its  tirst  meal  27,62G,  and  after, it^  fourth  mi-al 
36,000  white  cells  per  nubio  millimetre.     After  the  second  day  this  I 
gradually  diminished. 

Food  seems  to  nail  forth  a  greater  leucoeytoais  in  proiwrtion  a 
it  is  a  noi'vlty  in  the  stomaeh.     Patients  with  gasti-ic  uhvr  wlio  had  ] 
been  fed  exelusively  by  rectum  for  aimie  weeks  show  a  greater  leuco- 
cytosis  after  their  first  meal  than  later.     Perhaiw  the  siie  of  thfl  | 
digestion  leucocytosis  in  the  new-born  is  to  Ije  similarly  explained.   ' 
In  diabetics  the  digestion  leuewrytosis  is  sometimes  very  iarge- 

The  leucocytosis  can  usually  bo  observed  one  hour  after  a  meal, 
increases  for  two,  three,  or  even  five  hnnrs  acconling  to  the  shiwneaa  ] 
uf  digestion,  then  falls  again. 

Buriaii  and  Schur'  found  an  increase  of  the  iwlymorphonuclear 
varieties  in  those  cases  in  which  an  increase  of  the  total  coniit  took 
place  at  all.  Rieder  reports  a  lymph oi^ytosis.  It  is  probable  that 
both  lymphocytes  anil  neutruphiles  are  increased,  while  eosinophiles 
are  redu(!«nl. 

IHiiffHiigfir    f't/tie. 

1.   When  we  wish  to  know  wh<'tlier  a  jiersiin  is  accurate  in  sncli    I 
vtatenients  as  that  they  have  "eaten  nothing  for  a  week,"  we  can  get 
evidence  from  the  leuciicyte  count,  which  should  Ih-  very  low  if  the  I 
assertion  be  true.      Whenever  we  cannot  communicate  with  a  patient    , 
and  wish  to  know  how  much  fixMl  he  has  taken  of  lute, ' 
some  idea  from  the  blocMl  examination.      In  the  case  of  a  patient  j 
who  spoke  only  Ruxsiun,  I  was  led  tJi  l<>ok  for  a  sb-im-sis  o*'  the  gul- 
let by  the  lowiieas  of  the  leucocyte  count  (2, 700j,  and  the  prolmng 
confirmed  the  suspi<riun. 

■Zt-ii   f.  HHIk  .  xi  ,  IMHI 

'Wtoi  klin   W.Kli  ,  Feltnuirj  llili,  18K. 
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2.  As  suggested  above,  we  can  form  some  idea  of  a  person's 
general  vigor,  nutrition,  and  capacity  to  assimilate  food  by  the 
number  of  leucocytes  and  the  proportion  of  mononuclear  cells,  as 
compared  with  the  average  figures  for  that  age  and  locality.  Per- 
sons dMUtated  from  any  reason  are  apt  to  show  it  in  their  blood 
by  the  changes  above  mentioned,  the  element  of  hysteria  being 
sometimes  recognizable  by  other  signs  (see  below  "Eosinophilia," 
page  115). 

3.  Slowness  of  digestion  is  indicated  by  a  late  appearance  of  the 
digestion  leucocjrtosis.  The  inferences  to  be  drawn  from  the  blood 
in  diseases  of  the  gastro-intestinal  tract  will  be  discussed  later  (page 
298). 

4.  Perhaps  the  chief  importance  of  digestion  leucocytosis  is  as  a 
possible  cause  of  false  inferences,  through  being  taken  for  a  patho- 
logical increase.  Bearing  this  in  mind,  we  must  always  examine 
the  blood  as  near  a  meal  as  possible,  or  better  still  before  breakfast. 

Leiicocytosis  of  the  New  Horn. 

The  following  table  is  compiled  from  the  best  authorities  on  the 
subject  (Schiff,  Gundobin,  Bayer,  Hayem,  and  others) : 


Age. 

Bed  cells. 

Leucocjtes. 

At  birth 

5.900.000 

7.000.000  to  8,800,000 
Generally  increased. 

6,000,000 

5,000.000 

17,000  to  21,000(26.- 

Eiod  of  first  day 

000  to  36. 000  after 
first  feeding) . 
24.000 

**     second  day. 

80.000 

**     fourth  day 

20.000 

**     seventh  day 

15.000 

Tenth  day 

10.000  to  14.000 

Twelfth  to  eighteenth  day  . . . 
Sixth  month 

12,000 

12,000 

Sixth  year  and  upward 

7,500 

The  increase  is  explained  by  Lepine,  v.  Limbeck,  and  others  as 
a  combination  of  blood  eoneentration  with  large  digestion  leucocy- 
tosis. Gundobin  and  others  are  opposed  to  this  theory.  Certainly 
the  influence  of  digestion  on  infants'  blood  is  much  greater  than  in 
adults.  After  a  meal  80,000  leuco<^ytes  is  never  a  very  high  count 
in  infants  under  two  years. 

A  fuller  discussion  of  the  subject  will  l)e  found  in  the  chapter 
on  the  blood  in  infancy. 
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The  LeueoiijtDtu  of  I'vegnaiwij. 

MoKt  jiriiiii/mrip  gliow    durliiij  the  liitfr  nioiUhs  of  prKynannj  a 
moderntr  iarraue  of  all  varirtie*  of  Iritriu-ytes.     Thirteen  thousand  \ 
cells  i»er  cubic  ceDtiin(>tre  is  about  the  average  count. 

In  multipane  it  oeeurs  in  only  abotit  fifty  per  cent  of  the  cases.  ' 
Digestion  leucocytosis  "  oh  top  of  "  the  (constant  pregnancy  leucocy  ] 
tosis,  s(>  to  speak,  rarely  occurs. 

As  mentioned  above,  the  relative  iwrcentage  of  the  different  ] 
types  of  li*ucocyl«  iKimiinK  uurhitnijfd,  so  that  all  vaj-ietics  must  be  1 
equally  increased  (eosinophiles  excepted).     The  fact  that  digestion 
does  not  increase  the  pn-gtiaiicy  leucoeytoais,  leads  to  the  suggestion 
that  the  whole  thing  may  be  only  a  prolonged  digestion  leucocytosis 
— tlie  mother  having  to  eat  for  two.     The  swelling  of  the  breasts 
may  also  account  for  jiart  of  the  leneocytoais.     In  the  last  weeks 
of  pregnancy  the  leucocytosis  inereaHes  tili  at  the  beginning  of  Igboc  . 
it  is  oft#n  Ifi.OOO  to  18,000.     It  has  no  diagnostic  vahie,  as  it  is 
present  during  the  earlier  months  of  pregnancy  when  diagnosis  is  ] 
difficult,  and  in  the  later  months  such  conditions  as  hydatidifom   ' 
mole  and  fibroid  tumors  might  raise  the  c^unt  of  white  cells  as  muoli  \ 
as  jiregnancy. 

L'-ifix-ytotiii  Aftrf  Poi-tuiitioH. 

The  following  charts  illustrate  the  course  of  the  leucocj-te  curve  1 
from  the  time  of  parturition  till  the  end  of  the  second  week  after  it.  ' 

All  were  primipaiw  excepting  Nos,  n,  8,  and  9.     Tliere  was  no 
sepsis  in  any  case,  and  the  tem|)eniture  charts  were  practically  nor- 
mal after  the  second  day.     No  reasons  are  known  for  the  variations 
betwevn  the  different  cases.     All  were  eonnbxl  at  the  same  hour  (A   : 
the  day,  and  under  the  same  conditions  of  nutrition.     All  nursed  J 
their  childn-n. 

The  only  importance  of  this  leucocytosis  is  that  it  might  be  c 
foimded  with  a  [lathologieal  leuciK-ytosis  in  a  case  sus[wr^t«d  of  being  1 
septic.  Just  how  long  the  Icncocytosis  is  prolonged  during  lactatiMt  .1 
has  not  been  studied  so  far  as  I  atn  aware,  tnit  it  riertainly  may  go  J 
on  several  weeks. 

Vialfnt  rrrrrmf,  moMiiiji;  and  thort   mid  Imth*  liave   U-rU  shown  \ 
to  caus«  a  teniiwrary  increase  in  the  number  of  leucocytes  in  Hie  \ 
[tenpheral  blood,  all   varieties  of  the  cell   Iteing  i><pially  increased. 
The  ex)>lanation  usually  given  is  that  the  blood  is  concentrated  by  \ 
va-fomolor  contra<rtiou  and  rise  of  blood  pressure. 


LEUCOCYTOSI3. 


Sehultz  (Deiif.  Arch.  f.  Hut.  Mtd.,  1893,  page  234)  found  tlie 
Untcoeytoiiis  of  exerriae  aiuouiit  to  about  the  same  as  that  of  diges- 
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tion,  11,000  to  13,000.     He  also  noted  that  in  dogs  merely  opening 
the  peritoneum  aseptieally  or  breaking  a  leg  eaused  leucocjtoais. ' 

iRkkc  lAnniils  of  Surgery,  1901)  reports  on  Uic  Mixxl  itf  niDnem  in  n 
nccnt  "  MHnitlxm  rare  "  iis  follows  :  The  leiieiicylca  rose  from  7.(K)0  to  10,000 
before  the  rat-e  to  IH.OOO  to  31,000  aftt-r  tt.  The  polynuelear  cells  wen'  in- 
crt-asetl  and  diMinopliilfs  alMCDi.  Afler  fraeluri'S  Btake  and  Hubbanl  fouod 
no  locruase  in  leucocytes. 
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Thayer  studied  twenty  cases  of  typhoid  and  found  an  average 
of  7,724  white  cells  before  aiid  13,170  aft*r  a  Brand  bath  (./oAm 
Noj.khiM  M.:U<:,I  BhIUUh,  April,  189;().  The  increase  took  place 
equally  in  all  varieties.     Wintemitz  ( Imperio- Royal  Medical  So- 
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ciety,  Vienna,  Fehriiari',  18!).'I)  L-anie  to  a  Niniilar  eoneluMioii  and 
found  hImu  IhKt  pnilonKcd  ■■nld  bathing  dt'crfased  the  number  of 
whit*^  c«Ub   (dry  cold  does  the   same).     A    patient   was   recently 
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brought  to  the  Massachusetts  Hospital  who  had  fallen  through  a 
hole  hi  the  ice  aud  been  some  minutes  in  the  icy  water.  His  tem- 
perature was  91.8°  by  the  rectum.  Blood  count  showed  17,500 
leucocytes  per  cubic  millimetre.  Next  day  he  was  perfectly  well. 
On  the  contraiy,  short  hot  baths  decrease  and  prolonged  ones  in- 
crease the  number  of  leucocytes. 

Local  arm  baths  have  a  similar  effect,  raising  the  count  of  leu- 
cocytes in  the  blood  of  the  immersed  arm  if  cold  and  short,  and 
lowering  it  if  hot  and  short,  while  prolonged  immersion  has  an  op- 
posite effect.  In  the  other  arm  the  counts  go  up  when  those  of  the 
immersed  arm  go  down,  and  vice  versa  (Rovighi).'  Mitchell '  found 
that  the  leucocytes  showed  distuict  inci'ease  (as  well  as  the  red  cells 
and  haemoglobin)  after  one  hour's  general  massage. 

All  these  forms  of  leucocytosis  are  usually  explained  by  changes 
in  blood  pressure,  and  vasomotor  changes  affecting  the  calibre  of  the 
peripheral  vessels  and  consequently  their  contents. 

Term  In  al  LenronjiostH, 

The  leucocytosis  of  the  moribund  state,  though  by  no  means  in- 
variable, occurs  in  many  cases,  whether  from  the  influence  of  a  ter- 
minal infection  or  from  stasis.  When  death  is  sudden  or  rapid  it 
does  not  occur.  It  seems  to  be  analogous  to  the  terminal  rise  of 
temperature  seen  at  the  close  of  many  chronic  non-febrile  affections. 
The  longer  the  ]>atient  is  moribund  the  higher  the  count  reaches. 
In  jHjrnicious  anaemia  the  increase  may  be  so  great  as  to  sinuilate 
lymphatic  leuktemia.  Such  a  case  (K'curred  in  the  writer's  own  ex- 
perience. The  patient  had  presenU»d  the  signs  and  symptoms  of 
])emicious  anajmia,  and  the  blood  was  typical  of  the  disease  in  all 
resj)ects  except  for  the  lack  of  nucleated  red  cells. 

Slides  taken  on  the  day  of  death  showed  a  ratio  of  one  white  to 
fifteen  red  cells,  the  small  lymphocytes  greatly  predominating,  but 
the  autopsy  revealed  simply  the  lesions  of  peniicious  anaemia.  The 
differential  count  of  one  thousand  leucocytes  on  the  day  of  death 
showed:  Lymphocytes,  91.7  j)er  cent;  polymorphonuclear  cells,  7.7 
j)er  cent;  eosinophiles,  0.5  j)er  cent.  Four  megaloblasts  were  seen 
while  counting  these.  The  total  leucocyte  count  was  unfortunately 
not  made. 

In  ordinary  (;ases  the  differential  count  shows  an  increase  in  the 

'Arch.  Ital.  d.  Clin.  Med.,  xxxii..  8.  1H9:1 

*  Amcriran  .Touriml  of  tin*  Medicjil  Sciences,  May,  18d4. 
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polynioi'phonuclear  leut-ocyteB.  Thus  iu  a  case  reported  by  RiPdcr, 
in  which  the  leucocyte  couut  ruse  during  the  last  two  days  uf  lift! 
from  7,800  to  59,300,  the  polyiworiihoiiuclear  cells  coustltuted  87.6 
per  ceiit  of  the  whole  r>9,.*ilKI. 

Pathiiloohal  LKrriii'iTonEs. 
Kor  convenience'  sake  UieBe  may  be  divided  au  followtt : 
1.   PuHt-heuiiirrha^ii-  tern'oeytosis, 
'2.    Inflainiuattiry  leueocytosiH. 
'6.  Toxic  leiiciK.'ytosis. 
4.   Leiicocj'tosis  in  malignant  disease. 
R.   Leiieiicytiitiis  due  tii  therapeutie  aiid  experimental  influences. 

1.    J'oxt-lirmorrhiiijtr  Leurm-iftimn. 

Within  an  lioiir  after  a  large  hemorrhage  we  Hud  commotily  a 
oonsiderablc  iucreaae  (1<),000-18,000).  In  hemorrhage  from  the 
stomach  this  disappears  again  ttsuatly  within  a  day  or  two,  while  in 
ordinary  traumatic  hemorrhage  it  i>ersists  lotig^'r.  This  last  fai^t 
may  perhaps  be  explained,  as  v.  Limbeck  suggests,  by  the  lo<-al 
conditions  in  the  wound  rattier  than  by  the  loss  of  blooil  in  itself. 

The  imlymorjihonuclear  leucocytes  are  usually  increased  rela- 
tively and  alwolutely  as  in  other  fonns  of  pathological  leuciw^^-tosis. 
Sometimes  we  have  lymphocytosis  (see  page  114).  The  average  of 
iuereasK  in  tJie  whit«  cells  is  parallel  in  a  general  way  t^i  the  aniemia 
produced  in  the  individual,  (.f.,  it  depends  on  his  powers  of  recu- 
peration rather  timji  on  the  amount  of  blotxl  lost.  Its  duration  fol- 
lows the  same  rule.' 

I  use  the  term  "  inflauiniatory  leucocytosis  "  rather  than  "  leuct>- 
rytosts  of  infectious  diseases  "  liettause  there  is  a  considerable  numlwr 
of  iiife(!tious  diseases  iu  which  U(»  leucocytosis  occurs,  while  it  atr- 
companies  almost  all  forms  and  eases  nf  inHainination.  Neverthe-  , 
less  I  shall  class  under  this  heailin^  some  diseases  in  which  inflam- 
mation plays  but  a  very  subonlinat*-  rflle. 

I.   Although  /iiini/eul  mul  ij^tnyreiintiii   processes  usually  cauM 

a  higher  count  of  white  cells  than  nrrmrii  pnH'es.ses,  the  amount  of 

the  exudation  is  not  a  measure  of  the  amount  of  leucof-ytosis.     It 

'  PiirtlKT  ni^iinl  i.f  the  \>Uh\  „tur  li<-iii.>rrlii>^r  will  lie  found  on  |>    12a 
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seems  to  depend  i-ather  on  the  resultant  of  two  forces,  viz.,  the 
severity  of  the  infection  and  the  i-esisting  power  of  the  individual. 
These  factors  may  interact  in  various  ways : 

1.  Infection  mild:        resistamr  g(HKi        =  small  leucocytosis. 

2.  "        less  mild :        **  less  good  =  moderate  leucocy tosis. 

8.  **        severe :  *•  good         =  very  marked  leucocy  tosis. 

4.  "  "  *"  poor         =  no  leucocy  tosis. 

This  will  be  illustrated  later  under  "Pneumonia"  and  under 
*' Sepsis."  Experiments  on  animals  show  that  whereas  moderate- 
sized  doses  of  septic  cultures,  not  sufficient  to  kill  the  animal,  are 
followed  by  leucocjrtosis,  larger  doses  after  which  death  follows 
speedily,  do  not  raise  the  leucocyte  count  at  all.  Animals  weak- 
ened by  any  cause  show  less  leucocytosis  to  a  moderate  dose  than 
strong  animals. 

If  the  individual  reacts  from  the  shock  his  leuc(Kytes  are  in- 
creased again  and  rise  above  normal.  If  reaction  fails  the  leuco- 
cytes do  not  rise. 

II.  Inflammatory  leucocy toses  differ  from  physiological  leucocy- 
toses — 

(a)  In  being  usually  of  larger  extent  and  greater  duration. 
(/>)  In  being  almost  always  accompanied  by  a  relative  and  abso- 
lute increase  in  the  pei*centage  of  polymorphonuclear  cells. 

III.  The  course  of  the  leucocytosis  as  regards  both  amount  and 
duration  shows,  like  the  temperature  chai-t,  certain  more  or  less 
characteristic  differences  in  different  diseases. 

IV.  In  some  cases  in  which  the  absolute  number  of  leucocytes 
is  not  increased,  we  see  a  relative  increase  in  the  polymorphonu- 
clear cells,  pointing  to  the  fact  that  influences  are  at  work  similar 
to  those  which  produce  an  abHolute  increase. 

V.  That  the  amount  of  exudation  is  not  of  itself  a  measure  of 
the  amount  of  leucocytosis  is  shown  by  the  fact  that  erysipelas  or 
scarlet  fever  may  be  accompanied  by  as  high  a  count  as  the  average 
count  in  pneumonia  or  empyema. 

That  purulent  exudations  usually  have  more  effect  on  the  white 
cells  than  do  serous  ones  is  due,  I  supj)ose,  to  the  fact  that  a  puru- 
lent inflammation  usually  means  a  severer  infecti(m. 

VI.  No  direct  connection  exists  Ijetween  leucocytosis  and  fever, 
many  febrile  affections  running  their  course  with  a  nonnal  liMicocvte 
count.     When  both  leucocytosis  and  fever  are  due  to  the  same 
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causes  they  riwe  aiid  fall  togethi'r,  liiit  the  iHHTespondenee  is  rarely 
awurKte,  aiid  marked  leui'O'ytosiH  may  exist  without  fever. 

VII.  Aeute,  rapidly  spreadmg  iiiflammatioiiH  seem  to  produce  a 
greater  leucocytosis  (other  things  being  equal)  than  those  in  which 
the  process  is  relatively  chronic  and  stationary.  For  instance,  an 
aiijH  iidii'itis,  when  well  walled  off  and  stationary,  shows  It-ss  iu- 
crease  in  white  blood  cells  than  while  its  lesions  are  progressing. 
Itnt  ^K'racut'',  overwhelming  geuerul  sepsis  may  have  no  etfect 
on  the  leucocytes,  the  reactive  power  of  the  organism  being 
cruMhed. 

VIII.  Most  inflammatory  leuuocytosw)  are  prw^iled  bj- a  tt-m- 
porary  diminution  in  the  iiuuiber  of  leuoocyt^s.  Thia  occur§  in 
aiiiuialH  from  ithvek  of  any  kind  (blows  on  the  heail,  t}'ing  to  the 
etherizing  board),  and  it  seems  not  unlikely  that  the  eause  ia  tho 
same  in  all  cases. 

The  following  is  a  list  of  the  more  iiuportaiit  inflammatory  or 
infectious  cniiditiuns  in  which  leucooytosis  appears: 

1.  Infirtioua  ilUmuetwUheimtpanUn'e/i/t/ii/ht  Uical  injfammaioiy 
prorrMm  : 

(a)  Asiatic  cholera. 
(A)  R4-la{istng  fever. 

(f)  Typhus  fever  (acex)rding  to  the  majority  of  observers), 
(rf )  Scarlet  fever. 

(f )  Diphtheria  and  follicular  tousiUitis. 
(/)  Syphilis  (secondary  stage), 
(jr)  Er)-8i[M'la8. 
(A)  The  bubonie  pl^^ie. 
(0   Yi'lliiw  fever  (aonie  <-ases). 

2.  Jiiffrtiiivt  dUeiiitrg  iritli  muri-  rjtmitlre  lociil  Ifiions  : 
(fi)   Plit'Uluoliia. 

(b)  Smallpox  (suppurative  stage). 

((-)  Malignant  endocarditis,  piierpeml  septicemia,  and  all  pytemlo 
and  septiciBmic  conditions. 

(d)  Actinomyooais.  i 

{«)  Triohinosis. 

(/)  Glandera. 

{ji)  Acut«  multiple  neuritis  (febrile  stages). 

(A)  Airuti-  articular  rlieiunatiain. 

(t)  Septic  meningitis  and  ivrfbro-spiiia]  meningitis. 

(J)  '  ■|i«laiigiti»,  i^hiileeystitis,  and  empyema  iif  llii>  gall  bladder. 
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(k)  Acute  pancreatitis. 

(/)  Endometritis,  cystitis  (some  acute  cases). 

(m)  Gonori'hoea. 

3.  Local  inflammatori/  processes : 

{a)  Abscesses  of  all  kinds  and  situations,  such  as 

Felon. 

Carbuncle,  furunculosis. 

Tonsillar  and  retropharyngeal  abscess. 

Appendicitis,  phlebitis  (some  cases). 

Pyonephrosis,  j)erinephritic  abscess,  and  pyelonephritis. 

Osteomyelitis,  empyema. 

Psoas  and  hip  abscess  when  not  simply  tuberculous. 

Abscess  of  lung,  liver,  spleen,  ovary,  prostate. 

Salpingitis  and  pelvic  peritonitis,  epididymitis. 

(b)  hijiammatlons  of  the  serous  membranes  including: 
Pericarditis,  peritonitis,  arthritis  (serous  or  purulent,  non-tuber- 
culous), conjunctivitis. 

{c)    Gatif/renoHs  injiamviationsy  as  of  the 

Appendix,  lung,  bowel,  mouth  (noma). 

(d)  Many  inflammatory  skin  diseases,  such  as  dermatitis,  pem- 
phigus, pellagi-a,  herpes  zostt^r,  prurigo,  some  cases  of  universal 
eczema,  etc. 

S.    Toxic  Leitcoct/tosis, 

Under  this  heading  I  have  grouped  most  of  the  conditions  not 
obviously  to  be  explained  as  infectious  or  inflammatory  (though 
some  may  turn  out  to  be  such)  and  not  due  to  malignant  disease  or 
therapeutic  agencies.  This  classification  is  chiefly  for  convenience' 
sake  and  represents  only  a  guess  at  the  real  explanation  of  the  leu- 
cocytosis : 

(a)   Leucocytosis  of  illuminating-gas  poisoning. 

ib)  "  "    quinine  ])oisoning. 

(c)  "  "   rickets  (many  cases). 

(d)  "  "   the  uric-acid  diathesis,  gout. 

(«)  "  "   acute  yellow  atrophy  of  the  liver. 

(/)  "  "   advanced  cirrhosis  of  the  liver  (some  cases)) 

especially  with  jaundice. 
(g)  "  "   acute      gastro-intestinal      disorders     (pto- 

mains?). 
(h)  "  "   chronic  nephritis,  usually  in  urdemic  cases. 
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(i)  Leucocjtosi.t  after  injectious  of  tiibercutin  and  thyroid  c.\ 
tract. 

(J)  "         after  injectitui  of  noniial  Halt  Bolution  (iutra- 

veiious). 

(k)  "         after  ingestion  of  salicylates,  potassium  chlor- 

ate, or  i>heiia(^'tiii. 

(0  "         during  and  after  prolonged  chloroform  narcosis. 

Zerber  (Inaug.  Dissert.,  Heme,  189H)  fouud  the  leucocytes  in- 
treased  after  etherization  in  96  init  of  101  cases  examined.  The 
increase  amounted  iii  .tS  cases  to  double  and  in  'Jli  to  triple  the  count 
before  ether. 

In  no  case  was  the  count  made  after  etherization  and  befoi-e  the 
o[ieration  was  begun,  so  that  it  is  impossible  to  say  how  far  the  leu- 
cocytosis  was  due  to  ether.  Since  it  has  been  shown  that  in  animals 
a  li^u<'oeyttisis  can  be  pi^rduced  simply  by  opening  the  jieritoiieiuu, 
or  e\'eii  by  the  shock  of  tying  the  animal  t^^i  the  ojiei-ating  table,  it 
is  essential  to  rule  out  the  etfeets  of  the  oiHiratinu  itself. 

In  Chadlioume's  caivful  stiiily  of  'Jl  rases  (F!iil.  AM.  Jimm., 
February  Ittth,  1899)  counts  were  made  just  before  etherization  and 
then  aft«T  full  narcosis,  but  before  the  operation  was  begun.  Di- 
gestion leucocytosis  was  exeludeil.  Every  ease  showed  an  inerrase, 
the  average  gain  tieing  .'ST. 3  per  cent.  The  increase  is  exceedingly 
rapid,  some  cases  showing  a  idiange  tif  70  |ier  cent  within  a  few 
minutes;  it  is  most  marked  in  the  first  pari  of  etherization.  Tlie 
degree  of  leueoeytosts  did  not  swni  to  dei>end  on  the  duration  of 
narcosis. 

Differential  counts  showed  that  all  varieties  of  leucocytes  wen 
inertiastnl — the  lymphocytes  slightly  more  than  the  others, 

("hadboume  considers  the  leucocytosis  due  t(»  the  irritation  of 
the  i-ther  vapor  u|Km  the  mucous  membraniMif  the  resjiiratory  tra(*. 

Itlake  and  Hubbard  in  a  stuily  of  28  cases  before  and  «ft#r  full 
ether  anesthesia,  found  no  considerabh-  increase  in  the  circulatory 
leucocytes  {Jnmilii  of  Surifrr;!,  ISMll). 

I'ossibly  the  leiu-ocytosis  of  "niu  'Mh-ltiw  U-longs  also  in  this 
group. 

4-   Lritrori/tnsiii   of  M'ilif/ii"iit   Jfinriixi: 

Very  likely  this  belongs  more  (iroiierly  under  one  or  another   i 
of  the  classes  just  mentioned.     Some  observers  think  that  it  occurs 
only  frttm  the  intlammatiun  excited  in  the  |ieripliery  of  sume  uiulig- 
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nant  tumors ;  others  that  it  is  due  to  absorption  of  morbid  products 
from  the  tiunor  itself ;  others  again  that  it  is  to  be  accounted  for  by  the 
cachectic  state  associated  with  the  growth  of  the  tumors.  The  details 
and  conditions  of  its  occurrence  will  be  discussed  later  (page  370). 

6.    LeurocytoHtH  Due  to   Th  era  pent  Ir    and    Exjtenmental    Inffuenres. 

Pohl  *  found  that  most  of  the  so-called  tonics  and  stomachics 
produce  a  slight  increase  in  the  white  cells  in  animals,  particularly 
the  vegetable  tonics  like  tincture  of  gentian,  and  oil  of  anise  seed, 
while  bismuth,  bicarbonate  of  soda,  and  iron  had  no  such  effect. 
Quinine,  caffeine,  and  ethyl  alcohol  gave  likewise  negative  results. 
Von  Limbeck  found  leucocytosis  in  men  after  oil  of  peppermint  and 
oil  of  anise  seed. 

Binz*  got  the  same  results  with  camphor.  In  all  these  experi- 
ments the  substances  were  given  by  the  mouth. 

Using  subcutaneous  or  intravenous  injections,  Lowit  experi- 
mented on  animals  with  hemialbumose,  i)eptone,  pepsin,  nucleinic 
acid,  nuclein,  extract  of  blood-leech,  pyocyanin,  tuberculin,  curare, 
uric  acid,  urate  of  sodium,  and  urea.  All  but  the  last  of  these 
pn)duce  temporary  decrease  followed  by  increase  of  leucocytes. 

Goldschneider  and  Jacob  *  used  extracts  of  various  organs.  Ex- 
tract of  spleen,  marrow,  and  thymus  produced  leucocytosis  pre- 
ceded, as  in  Lowit's  exi>eriments,  by  a  brief  diminution  in  the  num- 
ber of  leucoryt4»s,  while  extract  of  pancreas,  thyroid,  kidney,  and 
liver  had  no  effect. 

Wintemitz*  inje(!ted  a  large  variety  of  substances  subcutaneously 
and  found  that  the  degree  of  leucocytosis  was  parallel  to  the  degree 
of  local  reacti(m  excited. 

For  example,  neutral  salts  and  weak  acids  or  alkalies  produced 
slight  local  inflammation  and  a  leucocytosis  of  from  forty  to  seventy- 
five  per  cent  of  the  original  count.  But  irritants  like  turpentine, 
croton  oil,  nitrate  of  silver,  sul]>hate  of  copper,  mert'ury,  antimony, 
digitoxin,  (»t<'.,  produced  local  supjmration  (aseptic)  and  much 
greater  leucwytosis  (two  hundred  to  three  hundred  p(»r  cent). 

Pilocarpine  and  antipyrin  have  been  found  by  von  Jaksch  and 
others  to  produ(*e  marked  increase  in  the  number  of  leucocytes  when 

'  Arch.    f.  exp.  Path.  u.  Pharm.,  1899.  vol.  xv. 
'Arch.  f.  exp.  Path.  u.  Pharm.,  vol.  v.,  p.  122. 
'Arch.  f.  Anat.  \i.  Physiol..  1898,  p.  567. 
*Arch.  f.  exp.  Path.  n.  Pharm.,  vol.  xxxv.,  p.  77. 
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given  subcutaneous ly.  Uuriug  the  u»e  of  tbyroiil  extrart  Bicbtet 
(Centra tb/rift  /.  Inu.  Mnl.,  1896,  p.  .'tj  noted  leucocytosis.  Renisi 
aiiil  Kiieri  import  leucoeytositi  (uliglit)  after  purgativey  sueh  asetuttnr 
oil,  poclojihyllin,  aiid  scauimony. 

A  large  niimlwr  of  ol (nervations  on  the  effects  of  iiijei-tiuns  i>f 
bacteria  nr  their  toxins  agree  in  the  following  results: 

1.  Whfii  the  ilose  i«  very  large  the  leucocytes  are  reihiceil,  and 
the  animal  dies. 

2.  When  the  iloae  is  not  suftieient  to  kill  the  animal  the  teni- 
jKirary  iliuiiimtiou  iu  the  leucocytew  is  soon  followed  hy  leueocytosis. 

3.  When  the  dose  is  slowly  fatal  the  nount  of  leucocyt«R  oseil- 
latPB  up  and  down  within  wide  limits. 

4.  Animals  previously  reud«re<l  immune  to  the  poieou  injected 
show  little  or  no  leucocytosiji. 

0.  Iieucoeytosis  is  more  easily  eullfd  forth  and  of  greater  extent 
in  young  animals. 

6.  Most  pathogenic  organisms  aet  similarly,  but  bacilli  aud 
toxins  of  tut)errulosis  as  a  rule  cause  no  leucoeytosis. 

7.  There  is  no  evidence  that  any  one  varietj-  of  leucocyte  is  at- 
tracted by  any  jiarticular  lia<.'illus  or  toxin. 

In  the  above  sketch  of  therapeutic  atitl  exi>erimental  forms  of 
leucjx^ytosis  no  attempt  has  been  madtt  to  give  anything  bnt  the 
more  interesting  and  important  outlines  of  the  immense  amount  of 
work  done. 

Ce/V  Str^irtiitt  ^f  th*  Leataeytet  in  Lmiairi/tinii«. 
Hitherto  we  have  spoken  as  if  leucocytosis  meant  only  an  in- 
creased nutnJM-r  of  ttie  normal  cells,  but  one  cannot  study  the  cell 
forms  in  extensive  jiatholugical  leucocytosis  without  noting  in  many 
oases  ^aalitatlce  changes  in  the  individual  cells.     These  are  chiefly : 

1.  A  greater  or  less  approximation  vt  the  nuclei  of  jiolymorpho- 
uuolear  ueutniphiles  to  the  appearances  of  the  myelocyte  nucleus. 
As  will  lie  numtioned  later  under  leukffimia,  we  find  in  every  hlood 
cj:uitaining  many  myelocytes  numerous  cells  whose  nucleus  is  on  the 
Ixtrdcr-tine  lietween  the  myelocyte  and  the  polymorphonuclear  stage, 
so  far  as  apiieararici'S  go.  Now  in  lencocytAsis  we  find  the  same 
"  border-line  "  ii-lls  in  smalh-r  numh«rK,  the  lihi-iirM  to  tlie  myelocyte 
Bometimes  passing  into  Irtmtiti/  Id  one  to  three  per  cent  of  tlie  evils. 

2.  TUrek's  "  Be izungs forme n  "  or  ".stimnlatinn-i-ellM  "  In  which 
the  protoplasm  of  the  cell  (which  is  in  <ither  irsjMTt^  like  a  large 
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lymphocyte)  shows  a  greater  or  less  approximation  to  the  appearance 
of  myelocyte  protoplasm,  i.e.,  a  diffuse  violet  or  purple  color  ex- 
actly as  in  the  myelocyte  but  non-granular,  Engel  makes  a  separate 
variety  of  this  cell,  giving  it  the  useless  name  of  "mononuclear 
cell. "    Weil  calls  it  the  "  non-granular  myelocyte. "    Tttrck  considers 


Fig.  28.— Atypical  Leucocytes  oeen  in  Leucocytoeis.  1,  Leucocytes  with  polar  uranffement  of 
nuclei  (mitosis  V);  2  and  H,  leucocytes  with  nuclei  resembling  tbose  of  myelocytes ;  4,  leu* 
oocyte  containing  two  kinds  of  gnnules. 

its  presence  in  the  circulating  blood  to  indicate  a  stimulation  of  the 
marrow  by  the  toxins  of  disease,  resulting  in  the  passage  of  this — 
supposedly  immature — cell  into  the  blood. 

3.  Other  liner  changes,  such  as  the  number,  size,  and  staining 
power  of  the  neutrophilic  granulations,  polar  position  of  the  nuclei, 
etc.  (see  Fig.  28),  i-equire  further  study. 

Changes  like  the  above  militate  against  the  idea  that  leucoeyto- 
sis  is  simply  a  matter  of  the  distribution  of  fully  formed  leucocytes 
in  the  peripheral  or  internal  vessels. 

For  an  account  of  iodophilia  or  the  iodine  reaction  in  the  poly- 
nuclear  leucocytes  during  suppurations  see  p.  2«S9. 

Absf'firt*  of  Lf'urnrt/fnsls. 

It  is  of  fully  as  j^reat  a  ]>ractical  assistance  to  us  to  know  that  in 
certain  infective  diseases  leu(H)cytosis  is  regularly  absent  as  to  know 
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those  conditions  in  which  it  is  to  be  expected.  Among  the  most 
important  diseases  in  which  leucocytosis  is  conspicuously  absent 
are: 

(a)  Typhoid  fever. 

(b)  Malaria. 

(c)  Grippe  (most  cases). 

(d)  Measles. 

(e)  Botheln  and  mumps. 
(/)  Cystitis. 
(^)  Tuberculosis,  including — 

Incipient  phthisis. 
Miliary  tuberculosis. 
Tuberculous  peritonitis. 

"  ostitis  and  periostitis, 

pleurisy, 
pericarditis. ' 

In  some  of  these  affections,  notably  in  miliary  tubercle  and  the 
.    later  weeks  of  typhoid,  the  leucocytes  are  diminished.     Further  de- 
tails will  be  given  under  the  special  diseases. 

Leucopenia. 

Definition. — A  diminution  in  the  number  of  white  cells  in  the 
peripheral  circulation  as  compared  with  the  number  normal  for  the 
given  individual. 

1.  The  effects  of  starvation  and  malnutrition  hi  producing  leuco- 
penia have  already  been  described.  Such  leucopenia  is  usually  as- 
sociated with  lymphocytosis  (see  below).  Cancer  of  the  gullet  is 
an  example  of  this  class. 

2.  Short  hot  baths  or  prolonged  cold  baths  produce  temporarily 
the  same  result  (Wintemitz,  loc.  cit.), 

3.  Most  of  the  infective  diseases  in  which  there  is  no  leucoc3rto- 
sis  are  sometimes  characterized  by  leucopenia,  e.g.,  grippe,  measles, 
miliary  tuberculosis,  and  other  forms  of  pure  tuberculous  infection, 
malaria,  and  especially  typhoid,  in  the  later  weeks  of  which  it  is 
almost  invariable,  and  is  accompanied  by  lymphocytosis. 

AVhen  a  case  of  leukaemia  is  complicated  by  an  infective  disease 
(pneumonia,  septicaemia)  the  number  of  leucocytes  may  fall  below 
the  normal.     In   a  ease  recently  occurring   at  the  Massachusetts 

'  Tuberculous  menin(/itu<  often  does  show  kMicocytosis  (vicle  infra,  p.  282). 
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Gkneral  Hospital  in  which  a  lymphatic  leuksemia  was  terminated  by 
septicsemia  from  glandular  sui)puration,  the  white  cells  fell  grad- 
ually from  40,000  three  weeks  before  death  to  419  per  cubic  milli- 
metre on  the  day  of  death.  I  have  never  heard  of  a  lower  count 
than  this.  The  differential  count  was  unchanged  (lymphocytes  = 
ninety-eight  i^er  («nt). 

4.  In  pernicious  anaemia  the  count  is  usually  very  low  and  may 
fall  below  1,000  (^Us  per  cjubic  millimetre.  Other  severe  types  of 
anaemia  (rachitic,  syphilitic,  post-hemorrhagic)  may  produce  the 
same  result. 

5.  Splenic  ansemia  or  the  splenic  form  of  Hodgkin's  disease  is 
often  associated  with  marked  leu(M)])enia. 

LyMI'IKK'YTOSIS. 

Lymph  or  i/f  on  Is  w  fin  ahaohtte  and  relative  Increase  in  the  drew 
latlng  lymphm'ijtes.  The  increase  is  relative  to  the  number  of 
lymphocytes  normal  for  the  individual.  When  lymphocytosis  and 
an  increase  of  the  total  leucocyte  count  are  present  we  cannot 
distinguish  the  blood  from  that  of  lymphatic  leukaemia,  and  the 
distinction  must  dej>end  upon  the  course  and  symptoms  of  the 
case. 

1.  Such  a  condition  (relative  to  the  adult)  (K'curs  In  hexilthtj  in- 
fants' blooii  and  in  many  diseases  of  infancy,  the  blood  seeming  to 
have  a  tendency  to  return  to  the  infantile  tyi>e.  This  is  especially 
true  of  cholera  infantum,  rickets,  and  any  intestinal  trouble.  Any- 
thing that  retards  the  infant's  normal  gain  in  weight  or  general  de- 
velopment retards  its  blood  development  as  well.  Thus  a  child  of 
three,  convalescent  from  a  summer  diarrhcea,  may  have  fifty  to  sixty 
per  cent  of  lymphocytes,  which  would  l)e  normal  for  an  infant  of  a 
few  weeks,  but  for  three  years  old  is  veiy  high. 

12.  Pertussis,  as  Meunier  has  recently  shown,  is  accompanied  by 
a  very  marked  lymphocytosis,  the  lymphocytes  being  quadrupled 
while  the  polynucjlear  cells  are  doubled.  The  increase  is  absolute 
as  well  as  relative  (see  lx*low,  i>age  218). 

Variola  also  shows  lymphocytosis  according  to  Weil. 

3.  Hereditar If  syphilis  is  |)erhaps  the  l)est  known  cause  of  rela- 
tive lymi)hocytosis  in  childrcMi.  Seurrt/  may  produce  the  same  i*e- 
sult.  Dividing  the  aiuemias  of  children  into  two  grou])s,  those  that 
do  and  those  that  <lo  not  ])ro(lu(!e  leucoc}'tosis,  it  a]>pears  that  the 
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great  majority  of  thow  whow  total  leiicwyt*  count  is  Dotmal  ahow  I 
a  relative  lymphocytosis.     This  is  the  case  irrespective  of  wlH-thn 
there  is  enlargement  of  the  spleen  or  not. 

Sometiiaea  the  smaller,  sometimes  the  larger  lyiuphoeytes  are  in 
the  majority.  Oft*'n  no  division  iietween  the  two  kinds  is  pos- 
sible. 

4.  In  adults  wimtt  forms  uf  dfhilitij  may  be  assoeiated  with  an 
increased  jierfeiitnge  of  lymphocytes,  due  in  fact  to  the  itbunlutti 
diminution  »/  thf  nratriiiihilKs.  Tliis  slioiilil  be  distiiiguislieil  from 
true  lymphocytosis.  The  Hauie  falsi'  appearance  of  lyiuphocj-tosia 
may  t>e  seen  in  haemophilia,  i^nitre,  oertii'al  adenitis,  and  other 
conditions  involving  a  dijiiiiiution  of  the  polynuclcar  neutrophiles, 
i»  chlonuiU,  jifmirioiiH  anifinia,  iinii-r«'  disranr,  and  tlie  aniemia 
sectiiidary  to  sj/jMlig,  in  the  later  weeks  of  ty|>hoid  ferer  and  in 
lactation. 

5.  DurJMK  the  administration  of  thyroid  extract,  tubeivuUn,  or 
pilocarpine. 

().  Til'-  lar(<er  forms  of  lymphocytes  are  iiiereaBed  in  some  apleuio 
tumors  (chronic  "  ague  cake  "),  and  especially  in  the  post-febrile 
stage  of  measles;  also  in  many  of  the  same  diseases  in  which  the 
small  lymphocytes  are  increased. 

7.  The  most  marked  absolute  lym)iho(jyti)ses  known  to  me  (ex- 
eluding  leukffimia)  occurred  in  two  cases  of  pcrtussis-pneiuuoiiia  in 
infancy.  One  case  u(M.!urred  at  the  Massai-hnst'tts  GeTieral  Hospital 
in  1894— in  a  child  of  six,  who  i)as8ed  through  an  attack  of  broncho- 
pneumonia with  uneventful  recovery,  the  only  peculiarity  of  the 
case  being  the  marked  increase  of  white  cells  nuining  up  to  94,1iOO, 
»ixti/'ninr  /irr  pfiit  nf  irkirh  irrn-lffm/i/i<ifi/t/'ii.  During  Conrales(-eniW 
the  blootl  liecamc  normal  and  the  child  left  the  hospital  entirely 
well,  in  IWO  we  had  a  similar  ease  in  a  baby  of  lifteeii  nxmths, 
well  until  seized  with  paroxysms  of  coughing  four  days  before  en- 
tram*.  The  spleen  and  glands  wei'e  nonnal.  There  were  iiu  hem- 
orrhages and  no  anwniia.     The  blotHl  showed 


Flrat  dkf       im.U)U 
Thin]  ilav     IIH.MO 
Fifth  day.     1HA.UU0! 
ttUth  iU}-.|OniiU.  No 
amopay. 


EOSINOPHILIA.  115 

Since  reading  Meunier's  account  of  the  enormous  lymphocytosis 
of  whoophif/'CoiKjh  I  have  believed  these  two  cases  to  have  been 
atypical  whooping-cough.  These  cases  will  be  refen-ed  to  later 
in  the  account  of  the  blood  of  pneumonia. 

JJiaynostic    Value  of  Lymphocytosis. 

1.  I  have  already  suggested  that  the  degree  of  health  in  persons 
not  organically  diseased  might  perhaps  prove  to  vary  directly  with 
the  percentage  of  polymorphonuclear  cells  in  the  blood. 

2.  In  children  the  same  percentage  is  to  a  certain  extent  a  meas- 
ure of  the  child's  degree  of  development — causes  of  leucocytosis 
being  excluded,  and  the  percentage  normal  for  a  child  of  the  i)a- 
tient's  age  being  taken  as  the  standai'd. 

3.  The  diagnosis  of  obscure  syphilitic  disease  may  be  supported 
by  the  coincidence  of  lymphocytosis  with  eosinophilia. 

4.  Absolute  lymphocytosis  in  the  presence  of  glandulai*  tumors 
is  our  mainstay  in  the  diagnosis  of  lymphatic  leukaemia,  but  whoop- 
ing-cough must  always  be  remembered  as  a  source  of  error. 

Eosinophilia. 

Definition, — An  increase  in  the  number  of  eosinophiles  in  the 
circulating  blood. 

Physiol ogica I   Eosin oph  ilia . 

1.  In  the  majority  of  infants  the  eosinophiles  are  much  more 
numerous  than  in  adults.  Taylor  has  noted  as  many  as  2,200  per 
cubic  millimetre  in  healthy  babies. 

2.  A  temporary  increase  occurs  during  menstruation  (eight  per 
cent,  Zappei-t). 

Among  the  causes  of  pathological  eosinophilia  are : 

1.  Bronchial  Asthma  and  Fibrinous  Bronchitis, — During  par- 
oxysms the  eosinophiles  are  plentiful  in  the  sputum  and  in  the 
mucous  membrane  of  the  upper  air  passages  as  well  as  in  the  blood. 
In  the  case  quoted  from  Billings  (see  below,  p.  340)  there  were  53 
per  cent  of  eosinophiles  in  a  leucocyte  count  of  8,300.  Gabrit- 
schewsky  reports  22.4  j)er  cent  in  asthma. 

2.  Aaite  and  Chronic  Shin  J>iscascs.— The  most  marked  cases 
are  those  reported  by  Lazanis  (60  i)er  cent  of  eosinoi)hiles  in  urti- 
earia  (widely  distributed),  Zapj)ert  (33  per  cent,  or  4,800  eosino- 
philes per  cubic  millimeti-e  in  pcmphif/us)y  and  by  Canon  (17  per 
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Ill  trichiniasis  eosiiiophilia  io  uf  great  diagnostic  value. 
Neiisxer  has  su^^ested  the  following  points; ' 

1.  In  thf  diagnosis  between  pnerperal  mania  and  piteq*eral 
aepsis,  eosinophiUa  points  to  the  former. 

2.  Between  a  tumor  connected  with  the  genital  system  and  uue 
not  so  connected,  eosinophilia  points  to  the  former. 

3.  In  determining  whether  a  given  cane  of  hysteria,  neurosia,  or 
psychosis  is  lilcvly  to  be  benefited  by  castration,  the  presence  of 
eosinophilia  favors  the  operation. 

4.  In  malignant  disease  an  eoainophilia  points  to  a  metastasis 
in  the  osseous  system  (tumors  of  the  spleen  ait>  not  inoliided  in  this 
rule). 

6.  In  cases  of  doubtful  syjjhilis  eoainophilia  combined  with 
lymphocytosis  (see  above)  speaks  in  favor  of  syphilis. 

fi.  The  diagnosis  of  any  obscure  form  of  "  uric-acid  diathesis  "  is 
helpe-d  by  tiiidiTig  an  increase  of  eosiiiophiles. 

7.  In  distinguishing  malignant  liver  disease  from  other  liver 
diaeaae  eosinopliilia  points  to  the  latter. 

1.  In  the  pniynosU  of  chlorosis,  eoainophilia  is  favorable. 

2.  In  the  prognosis  of  B<<arlet  fever  and  scarlatinal  nephritis  the 
greater  the  eoainophilia  the  better  the  prognosis. 

3.  After  hemorrhage  incn>waedeuBiiio|ihileH  show  aetive  regener- 
ation of  blood  and  good  pi'ognosis. 

4.  In  jiernicious  aiiivmia  eosinophiliu  is  favorable  for  the  same 

MYELtML'YTES. 
The  occnrrentie  of  the  myelocyte  of  Ehrlich  in  the  circulating 
blood  is  almost  always  to  be  looked  u})on  as  jiatbologie^l,  tliat  is, 
aa  the  intnision  of  a  variety  of  teuciicyte  naturally  a  stranger  to  the 
cinniluting  bhxHl  and  a  pi-nnanent  inhabitant  of  the  marrow. 
Among  hundreds  of  specimens  from  healthy  i)er8ona  I  have  Been 
Imt  mie  tj'pical  myelocyte. 

1.  The  largest  number  of  circulating  myelocytes  occurs  in  mye- 
logenous leukcemia  (see  page  ICl;. 

2.  In  all  conditions  associated  with  stimulation  of  the  bone  mar- 
row— that  is,  in  all  diseases  accompanied  by  well-marked  leucooy- 

'  F»r  ii»m'  i>r  -nlik'h  1  <'»u  vuucIj, 
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tosis  or  by  severe  anaemia  of  any  tyj>e,  myelocytes  in  small  numbers 
may  frequently  be  found.  Thus  I  have  found  them  in  most  cases 
of  iHjrnicious  anaemia  and  of  malignant  disease  with  leucocytosis. 
TUrck  finds  them  in  most  acute  infections,  even  in  typhoid  with 
subnonual  leucocyte  count.  Engel  has  noted  their  frequent  i)res- 
ence  in  diphtheria,  while  Neusser'*  has  noted  them  in  various  toxic 
conditions  such  as  puerperal  mania,  osteomalacia,  ursemia,  carbonic- 
acid  poisoning,  Basedow's  disease,  diabetic  coma.  Others  have 
recorded  their  occurrence  in  rickets,  syphilis,  phthisis,  general 
paralysis,  etc. 

The  common  elements  in  these  various  diseases  are  anaemia  and 
leucocytosis.  Accordingly  it  seems  to  me  I'easonable  to  class  them 
as  signifying  a  marrow  stimulation,  and  as  much  akin  to  TUrck's 
"stimulation  forms"  (see  above,  pages  110  and  111). 

The  most  curious  example  of  their  occun*ence  known  to  me  is 
the  following: 

Mrs.   W had  been  starving  herself  more  or  less  for  six 

months  from  motives  of  economy.  Two  weeks  before  I  first  saw 
her  she  began  to  suffer  with  cystitis.  From  both  these  troubles 
she  made  a  rapid  recovery,  which  has  j)ersisted  now  eighteen 
months.  There  Avas  at  the  first  count  a  leucocytosis  of  15,100; 
partly  due  to  cyanosis,  as  she  had  just  been  having  a  chill.  The 
red  cells  were  7,300,000.  Haemoglobin,  eighty-seven  per  cent. 
Differential  counts  were  as  follows : 


Date. 
Number  of  cells  counted. 


"Poly nuclear  neutroph lies' 

Lymphocytes 

Large  mononuclear 

Myelocytes 

Eosinophiles 


MavSd 

800. 

Mayetb 

1,000. 

May  7th 
400. 

May  8th 
400. 

Percent 

Per  cent. 

Percent. 

Per  cent. 

82.7 

82.2 

88.6 

80.2 

8.6 

12.5 

9.4 

11.8 

8.2 

1.5 

2.0 

60 

.5 

8.5 

4.0 

2.5 

.0 

.8 

1.0 

.0 

May  ISth 

1,000. 
Per  cent. 

68.6 

25.2 

5.2 

.6 

.5 


In  a  general  way  their  presence  seems  to  have  about  the  same 
significance  as  that  of  normoblasts,  but  they  occur  much  more  fre- 
quently. As  a  rule  I  think  they  indicate  an  acceleration  of  the 
marrow  functions  by  which  red  corpuscles  and  granular  leucocytes 
are  furnished  to  the  blood.  Such  an  acceleration  may  be  supposed 
to  take  place  in  leucocytosis,  leukaemia,  and  severe  anaemia,  which 
are  the  chief  conditions  in  which  myelocytes  appear  in  the  blood. 

■Cited  in  Klfin:  VolkTimnns  ^Samml.  klin.  Vortrftge,"  December,  1898. 
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QENERA.L  PATIIOLOGV  OF  TKE    BLOOD  AS   REGARDS  HEMO- 
GLOBIN,  FIBRIN.    LIP.EMIA,    MELAN.EMIA,    AND 
HEMORRHAGE. 

H.KMItni.OIIIK. 

As  stated  abovp,  the  tuemofflobiii  may  increaae  aiid  diininiah  in 
lin«H  ptLrallel  tii  tliuttf  uf  tlit;  rvil  ccHm.  In  that  erase  we  HupiKtBe  tlie 
amount  of  hfemuglubin  \)vr  v-uT\M^:\e  U>  be  nonnal  aiid  the  rJur  in- 
dnr  ur  rnlmir  i/Zo/itilnire  \»  saitl  to  =  1.  When  the  hieinoghibin  is 
diminished  more  thaii  the  uoiint  of  corjitiiwles,  wu  any  tliat  the  eolor 
index  in  Ii^nn  than  1.  Pitr  exiunijle,  if  a  man  hnn  r>,000,{)00  reil  cells 
per  eubie  millimetre  and  imty  50  per  cent  of  hiiemuglobin,  we  esti- 
mate the  itilor  index  by  simply  rt'iluiiinf;  the  miuit  of  («lls  to  a 
stated  iJercentane  (5,000,000  cells  =  100  jxr  eent  of  cells)  and 
iliviilin|{  this  {vereentM^e  int4t  tlie  hmiiiDglobiii  ]ien'entaKC — >■'<■,  ffif 
=  0.5=  the  color  index.  Therefore  4.000,000  red  cells  (=  80  (wr 
oeiit)  with  (IO]M.'rcvnti>f  hirmo^Iobin  k'^*^  n <''>!'»'  i'xlex  of  |J  =  0.75. 

The  col<jr  index  rarely  ){oes  above  1,  except  in  pernicious  amentia 
(see  l»<li>w).  Here  it  may  Iwas  hiKhas  1.7.  Asa  rule  when  the  red 
oells  are  above  the  normal  the  hiemnglobin  rises  equally,  sometimes 
it  lags  Iwhiiid  a  little,  tmt  ran>ly  if  ever  does  it  rise  higher  than  the 
«ellB. 

In  most  aniemiaa,  as  has  been  poiut«d  out,  the  hiemoglobin  suf- 
fers markeilly  iH-forf  any  considerable  loss  of  reil  cells  takes  jitace. 
In  other  words,  the  eorpuacles  seem  t<)  ftet  thin  Is'fore  they  die,  and 
except  in  malaria,  hcniorrhaf^-,  an<l  a  few  other  ciuh-h  they  are  not 
destroyed  while  in  the  full  vigor  of  health.' 

The  loss  of  hiemoglobin  is  loss  of  albiimiu,  the  chief  K>nstitiient 
of  the  cells,  and  hence  is  usually  loss  of  weight. 

In  general  the  changes  in  the  haemoglobin  are  l>e!<t  studied  in  tsjn- 


<  This  is  of  c 
dnsl  corpuacli's 
•cnt  'lut  liy  till-  I 


se  not  Htcnil  There  Is  ii<i  r.ii»i>n  to  iiipiM)*!-  tlint  gmul 
t  sinaliiT  It  in  more  llki-ly  that  a  smaller  generation  is 
il'iimkiDK  orimnH. 
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nection  with  changes  in  the  count  of  red  bells,  arid  so  far  as  they 
have  not  already  been  mentioned  will  come  in  under  the  various 
special  diseases. 

Fibrin. 

The  fibrin  network  to  be  seen  in  normal  blood  during  coagulation 
(see  page  54)  is  increased  in  a  considerable  number  of  conditions. 
Hayem  has  studied  these  minutely,  and  described  several  varieties 
of  arrangement  of  fibiin  fibres  as  characteristic  of  special  diseases, 
that  is,  he  studied  fibrin  qualitatively  as  well  as  quantitatively,  and 
also  as  i*egards  the  rapidity  of  its  formation. 

The  rate  of  fibrin  formation  is  often  not  the  same  as  the  rate  of 
coagulation.  It  is  not  parallel  to  the  number  of  leucocytes  or  blood 
plates,  at  least  not  in  all  cases  (malignant  diseases,  scurvy). 

In  a  general  way  we  exi)ect  increased  fibrin  in  infectious  and 
inflammatory  diseases,  but  there  are  notable  exceptions  to  this. 
The  gi*eater  the  exudation  and  the  freer  it  is  (in  a  cavity  or  on  the 
surface)  the  thicker  the  fibrin  network,  while  so-called  interstitial 
inflammations  or  such  conditions  as  pai'enchymatous  nephritis  show 
little  increase  in  fibrin.  The  seat  of  the  lesions  has  no  considerable 
influence,  except  as  it  modifies  the  nature  of  the  lesion.  An  abscess 
in  one  place  has  the  same  effect  as  an  abscess  elsewhere,  provided  it 
is  equally  free  or  equally  confined,  and  of  the  same  contents. 

Tuberculosis  does  not  increase  fibrin  if  uncomplicated.  Leuco- 
cytosis  and  fibrin  behave  alike  in  many  respects,  esj)ecially  in  rela- 
tion to  the  vigor  of  resistance  which  the  individual  opposes  to  a 
given  infection.  When  the  individual  is  so  weakened  that  he  doi\s 
not  react  well  against  the  infection,  the  leucocytes  and  fibrin  ai*e 
but  slightly  inci'eased,  whereas  in  a  vigorous  individual  the  same 
infection  would  have  markedly  increased  both  fibrin  and  leucocytes. 
But  neoplasms  raise  the  count  of  leucocytes  without  changing  the 
amount  of  fibrin. 

In  a  general  way  fibrin  increases  and  deca-eases  a«  fever  does, 
but  often  j)er8ists  after  fever  is  gone 

The  most  marked  fibrin  networks  are  seen  in  pneumonia,  acute 
articular  rheumatism,  suppurative  diseases,  and  in  scur\y.  In 
erysipelas  it  follows  the  leueoc^ytes  (increased  in  severe,  not  in  miid 
cases).     In  the  early  days  of  grippe  it  is  increased. 

The  fever  of  hysteria  or  clilorosis  shows  no  increase  of  fibrin,  and 
post-hemorrhagic  anieniia  with  or  witliout  fever  sliows  none. 
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Fibrin  is  diminished  iu  peruirioiis  aii^iuia,  out  increased  in  len- 
ksinia,  typhoid,  malaria,  tiialignaiit  diapasc,  iion-suppuratiTe  dis- 
i-H.ses  of  liver,  ni^phritis  (except  interstitial  nephritis,  in  wliii;h  it  may 
be  increased),  heart  disease,  purpura,  hsniuglobiuuria  (sometimos- 
decreased). 

The  must  valuable  point  almut  the  Hbrin  ap)>ears  Ui  be  the  ab* 
Neuce  of  any  incrfase  in  inaliguant  disease,  whereby  a  diagnosis  Xie- 
tweeii  the  affection  anil  a  suppuration  may  be  helped.  Otherwise 
the  informatifln  ({iven  by  it  is  chiefly  conhrmatory  of  impressions 
fiiven  Ity  other  features  in  blood  examination. 

The  blood  invariably  contains  small  quantitjes  of  fat,  espeoially 
during  digestion  (v.  Jaka-h  '). 

In  the  blood  of  persons  Ruffering  from  a  variety  of  diseases  such 
as  phthisis,  diKbt'tes  mellitus,  obesity,  Hlcoholisiu,  Tiephritis,  and  in 
some  dyBpnwic  conditions,  suppressed  menses,  pregnancy,  icbrus, 
typhus,  malaria,  mental  disease,  diseases  of  the  heart  and  pancrt^ati, 
aA  well  as  in  health,  fat  it>  iweasionally  to  be  seen  in  eonsiderable 
quantities.  Orawitz' Knds  that  if  the  blond  is  collected  in  aline 
capillary  tube  ainl  this  is  kept  in  a  horiEoiital  jiosition  for  some 
time,  fat  rises  to  the  surfaiw  like  creain,  and  can  be  seen  with  an 
nil -immersion  lens  in  the  form  of  fine  drops,  (iumprechf  demon- 
stratDl  it  with  osmic  acid,  which  stains  the  fat  ilrops  black,  and 
pn)ved  them  Ui  be  fat  by  dissolving  them  in  ether,  xylol,  «tc. 

Litwmia  tinA  no  special  significance  so  far  as  is  known,  and  is 
not  characteristic  of  the  diseases  above  mentioned.  Its  cause  is 
unknown. 

[In  almost  any  prepai-atioii  of  the  fresh  blood  fat  drops  are  to- 
tie  seen  unless  the  }>at<ent'H  skin  is  washed  with  alcohol  before 
puncturing.  Even  with  these  precautions  a  few  drops  may  often 
lie  »e«n  in  healthy  ]>e<iple's  bliHj<l.] 

MP.I.A.V.KMIA. 

!u  malaria  the  occurrence  ()f  a  blank  pigment  in  the  leucocytes 
which  have  taken  plajimodia  into  tlienisetveK,  is  generally  to  he  ite«n 
during  and  shortly  after  a  paroxysm.  l*igmcnt  free  in  the  blood 
it  tt>  be  Nccn  only  at  the  moment  nf  segmt'ntation  amimg  the  now 

'-Klin.  Diasmwiik."  |>.  75  iRiiulitili  imnBlsiii'n). 
•  Lof.  tit.,  p.  180.  'Dpiit,  mini.  Wwb..  18W,  No.  8Q. 
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generation  of  parasites.  The  same  condition  has  been  observed  in 
relapsing  fever  and  in  persons  suffering  from  melanotic  malignant 
tumorSy  the  pigment  being  always  in  the  white  corpuscles.  Pre- 
sumably it  must  at  some  time  be  free  in  the  plasma,  but  it  is  rarely 
if  ever  seen  outside  the  cells. 

In  Addison's  disease  Tschirkoff '  observed  pigment  in  the  leuco- 
cytes. 

Hemokkhage. 

Women  can  stand  a  gi-eater  hemorrhage  than  men.  Children, 
on  the  other  hand,  succumb  to  comparatively  slight  hemorrhages 
(cf.  Blood  in  Infancy,  page  445).  Individual  differences  make  a 
great  difference  in  the  ability  to  survive  hemorrhage,  and  no  exact 
amount  of  blood  can  be  stated  as  the  maximum  that  any  one  can 
lose  and  yet  survive. 

Changes  in  the  Blood  Ke^ulting  from  Hemorrhage. 

The  red  cells  and  haemoglobin  of  course  suffer  proportionally  at 
first;  later  the  haemoglobin  in  the  newly  formed  cells  is  always 
deficient  (see  below). 

The  stiiking  point  in  the  blood  after  hemorrhage  is  the  evidence 
it  gives  us  that  even  before  the  hemorrhage  has  ceased  the  other 
tissues  begin  to  contribute  fluid  to  make  up  the  rolume  upon  which 
life  depends.  The  serum  is  markedly  diluted  by  this  fluid,  but  still 
serves  to  give  the  heart  something  to  contract  on  and  so  prevents 
blood  pressure  from  falling  as  fast  as  it  otherwise  would  do.  Were 
it  not  for  such  contributions  from  neighboring  tissues  the  organism 
could  sustain  but  slight  hemorrhage  without  succumbing  at  once. 
We  have  then  after  hemorrhage  a  diluted  or  hydrsemic  blood,  even 
though  we  do  not  assist  the  efforts  of  nature  by  contributing  fluid 
by  intravenous  or  rectal  injection.  Behier  reports  a  case  due  to 
trauma  in  which  the  count  was  only  688,000  per  cubic  millimetre. 

Coagulation  increases  in  rapidity  the  more  blood  is  lost,  so  that 
after  severe  hemorrhage  it  takes  place  almost  instantly. 

Blood  RE<i>:xERATioN. 

The  rej;t*neration  of  thc^  blood  after  hemorrhage  maybe  taken  as 
tyj)i<'al  of  the  same  pnwess  in  antemia  from  other  causes. 

'Zeit.  f.  kliu.  Med.,  vol.  xix.,  1891. 
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Thr  hntitli  nftlmr  iiet'deii  for  fiilt  restoration  to  normal  depends 
not  merely  on  the  (ir)  "in'iuut  of  bliKMi  lost,  Iml  also  on  tlie  {/>)  a 
uid  luitritiou  of  the  [wtient  aei  well  as  upon  (r)  the  methods  of  treat-    , 
nirtit  earned  out  and  the  eiiatt-ni*  of  (*/)  other  disease   (t^hohl, 
malignant  diHease,  plithUis,  etc.). 

Allowing  for  these  other  eonditions  we  may  nay  that,  other 
thiuf^H  being  favorable,  the  Iosr  of 


I  of  rlic  liliKiit  niii»'  W  made  up  In    S  !■ 


I  ,lnj -* 


The  last  amount  means  a  very  sewre  hemorrhage.  Few  surgieal 
operations  involve  thv  loHHof  over  three  ]>er  cent,  and  after  mieh  hc' 
oonlingly  we  expeet  the  hIoo<l  to  lie  normal  again  in  two  weeks,  pi-o- 
rided  the  individual  is  otherwise  sonnil  (see  Malignant  Disease,  page 
S731. 

Yuiing,  well -nourished  |)eraons  are  of  oounte  quicker  In  making 
up  losses  than  the  old  and  weak. 


/;/.... 


„;,  h\l'-"rr'>tio 


1.  Ii»i  CrIU. —(A)  An  prt'vioii.sly  mentioned,  the  hiemogloliin 
berames  relatively  low  as  soon  aH  the  i-egeiierative  proetss  is  well 
eKtablished,  and  as  reeovery  progressen  the  red  eells  are  idmnst  al- 
ways normal  in  niuubers  for  some  time  Ivefore  the  stature,  weight, 
and  fHihir  of  tin'  iiuUvidual  eetls  is  what  it  should  tie.  A  eiilor  in.* 
dex  of  0.50-0. CO  is  not  unusual— in  short,  what  some  call  a  "chlo- 
rotic  "  condition  of  tlie  blood, 

(B)  Qualitative  changes  are  those  already  described  on  ]>age  ^3, 
nauirly:  (")  Deformities  in  size  and  shape  with  an  average  diminu- 
tion   in    size;   (fi)    polychromatophilie    cells;    and   (r)   nucleated 
oorpnscles.     These  lattJ>r  are  almost  exclusively  of  the  normoblaat  ' 
type,  but  an  oocasional  megaloblast  has  been  observed. 

/flood  Crwi*. — Von  Noorden  was  the  first  to  notice  that  in  some  | 
cases  nucleated  corpuscles  are  to  be  found  in  theciniulation  in  great  I 
iinmliera  for  a  few  hours  only,  the  blood  examination  both  beforo  ] 
and  after  showing  few  or  none  at  all.     The  name  of  "  bliKxl  crisis  " 
has  lieen  given  tt>  these  sudden  outpourings  of  nucleat4>d  red  cells; 
they  are  to  be  ul>served  during  recovery  from  various  forms  at 
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2.  White  Cells. — Immediately  after  a  loss  of  blood  we  can 
usually  find  a  decided  leucociftosU  despite  the  dilution  of  the  blood 
(see  above,  Post-hemorrhagic  Leucocytosis). 

This  leucocytosis  is  in  no  way  different  from  those  occurring 
from  other  causes.  The  percentage  of  polymorphonuclear  cells  is 
usually  increased,  and  the  eosinophiles  often  disappear.  As  pointed 
out  by  Stengel  we  may  have  a  lymphocytosis  after  hemorrhage, 
either  from  the  start  or  following  a  polynuclear  leucocytosis.  In 
his  case  the  percentages  were:  Polynuclears,  43.5;  lymphocytes, 
43.5;  transitionals,  10;  eosinophiles,  2.8.  A  case  of  anaemia  from 
bleeding  piles,  in  which  the  red  cells  were  2,723,000  and  the  haemo- 
globin 35  per  cent,  showed  in  a  total  leucocyte  count  of  4,200,  69' 
per  cent  of  small  lymphocytes  and  only  28  per  cent  of  polymorpho- 
nuclear cells.  Leucocytosis  if  present  is  rarely  very  high,  seldom 
n^aching  over  30,000.  It  is  not  invariably  present,  or  if  present 
sometimes  is  of  very  shoil;  duration.  Thus  in  a  patient  whose  red 
cells  were  reduced  to  3,200,000  by  a  profuse  uterine  hemorrhage  the 
white  cells  counted  next  day  were  only  8,000;  while  in  the  next« 
bed  of  the  hospital  was  a  woman  cnished  in  a  railroad  accident 
whose  red  cells  were  1,280,000,  and  the  white  cells  28,000,  the 
usual  state  of  things. 

The  leucocytes  may  be  increased  even  by  a  ffrehral  hemor- 
rhage which  is  not  large  enough  considerably  to  affect  the  red 
cells  in  most  cases.  Ten  apoplectic  cases  (with  autoj)8y)  ob- 
served at  the  Massachusetts  (xenerai  Hospital  showed  such  counts- 
as  the  following : 

1.  Red  cells  5,512,000,  white  cells  25,000,  Hb.  85  per  cent. 

2.  Red  cells  5,560,000,  white  cells  15,(>00,  Hb.  90  per  cent. 
Whether  the  leiujocytes  are  here  affected  by  any  influence  other 

than  that  of  hemorrhage  I  do  not  know. 

The  effect  of  transfusion  (intravenous  saline  solution)  is  appar- 
ently at  first  to  increase  the  leucocytosis. 

D ,  a  patient  with  traumatic  rupture  of  the  urethra,  had  had 

severe  hemorrhage  for  forty-eight  hours  before  it  was  checked  at  1 
P.M.,  November  Ist,  1895.  At  4  p.m.,  his  pulse  being  165,  the 
count  showed  red  cells,  3,304,000;  white  cells,  10,400.  He  was 
at  once  given  a  pint  of  sterilized  normal  salt  solution  by  intra- 
venous injection  under  the  strictest  asepsis.  Ten  minutes  after 
the  transfusion  the  leucocytes  numbered  32,400.  One  hour  later, 
they  were  24,700,  and  the  red  cells  3,632,000.     Four  hours  later,. 
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leaoocyteH,  .11,900;   i-ed  eetb,  :{,04(>,000.     The  later  counts  irera   ' 
■a  follows - 

RhI  («IIi.  While  Cell*. 

NovombcrM:  good  pulse SIMW.WW  M.600 

2il(S  ru.):  guud  ptilsp    3.(»«,0IK)  80.300 

8.1  M  P.M.):  giHHl  ptllw 9,B28,IKI0  1.1,800 

i;tiii d.mt.im  i6,8(w 

A  gootl  n-cuvery  was  iiia<le. 


I  CousTlNB  Atter 


Hk; 


Mikulk'z,  who  iih  a  surgeuii  ulioiild  speak  with  aiithorit}'  and 
who  always  takes  aocount  of  the  eoiiditioii  of  the  blood  in  hiu  cases, 
lays  down  (following  Laker)  the  foUuwiti);  rule:  Nfi-rr  o/witite  oh 
any  taut  when  t/ir  lnvmogtnli'tH  (»  Moiv  thirty  fier  cent.  The  nuestion 
of  operating  at  onee  or  waiting  for  ivtwj  very  from  "shock,"  is  a  very 
common  one  in  the  accident  rooms  of  any  hospital  and  is  generally 
settled  on  general  impressions  <i(  the  patient's  vigor.  We  know, 
Bay,  that  he  has  lost  blood,  but  we  have  no  wayof  ascertaining  how 
much.  If  his  "  shock  "  is  due  t*)  hemorrhage  he  inaj  need  transfu- 
sion i  if  it  is  due  to  cerebral  concuxsiou  i)r  compression,  the  tnuis- 
fusitin  will  do  nmre  harm  than  go<Ml.  The  bUHj<l  count  can  settle 
these  questions,  and  could  reveal  much  which  is  now  olwcure,  if  it 
were  morn  fiv<iuently  employed  in  sui^cal  cases  and  a  standard  like 
that  of  Mikulicz  worked  out. 

In  cases  of  susfiei'ted  ruptured  tube  in  extra-uterine  pregnancy, 
the  question  of  whether  the  patient  is  suffering  frtun  internal  con- 
cealed heiniirrhage  cjui  be  settled  in  many  cases  by  the  blood  i-ouut, 
which  will  show  a  decided  loss  of  red  cells  if  the  hemorrhage  ta 
large,  and  thereby  distinguish  the  condition  frnni  |>erit<miti8,  ol>- 
struction,  or  strangulated  hernia,  none  of  which  affects  the  red  celts. 
Any  other  couwaled  hemorrhage,  as  for  instaiu^e  from  ru|itured  kid- 
ney or  spleen  or  liver,  may  t>e  indicated  by  the  btooi]  count  when  b^ 
other  physical  signs  the  diagnosis  might  In*  very  difficult. 

Ritmwnry. 

The  blood  count  is  of  importance  after  eases  of  supposed  hemor- 
rhage. 

1,  To  ascertatn  whether  such  has  taken  place. 

2.  [U  extent. 
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3.  Whether  oi)eratiou  is  to  be  iiainediate  or  not. 

4.  'WTiether  transfusion  is  indicated. 

5.  How  soon  the  patient  has  got  back  enough  blood  to  make 
operation  worth  while. 

('hronic  Hkmokkhagk. 

Piles,  uterine  disease,  hieniophilia,  purpura,  and  other  causes 
may  produce  a  long-standing  drain  on  the  blood. 

Some  patients  apparently  can  lose  a  little  blood  almost  daily  for 
years  without  acquiring  any  severe  ana?mia,  and  if  the  individual 
is  otherwise  sound  and  does  not  suffer  from  an  underlying  disease 
like  phthisis,  cancer,  or  nephritis,  he  can  probably  go  on  for  a  long 
time  without  showing  any  bad  effects  fnmi  the  repeated  small  hem- 
orrhages. How  much  he  can  stand  we  have  no  way  of  judging,  for 
we  cannot  measure  the  amount  of  blood  lost.  When,  however,  such 
small  repeated  losses  do  produce  an  anaemia,  regeneration  is  apt  to 
be  much  slower  than  after  a  single  large  hemorrhage.  The  longer 
the  drain  has  been  going  on  the  poorer  the  chaiure  for  recovery,  and 
the  slower  the  latter  will  be  if  it  does  take  place. 

Gain  in  body  weight  does  not  always  mean  gain  in  corpuscle 
substance  as  well  (see  Malignant  Disease,  page  873). 


(Si         L 
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CHAPTER  I. 

THE  PRIMARY   ANEMIAS. 
1.  THE  BLOOD  IN  TERNICIOUS   AN.^MIA. 

1.  Vohnne  and  Oxygen  Ot parity. — J.  Lorrain  Smith,  studying 
the  blood  of  seven  eases  by  the  carbonic-oxide  method,  concludes 
that  "absolute  loss  of  oxygen  capacity  (=  liiemoglobin),  which  in 
chlorosis  practically  does  not  occur,  is  here  of  primary  impoitanc^. 
Whereas,  in  chlorosis,  the  oxygen  capacity  is  95  per  cent  of  the 
normal,  here  it  averages  48  jjer  cent,  and  in  one  case  was  but  28  per 
cent. " 

The  volume  of  blood  is  sometimes  markedly  increased,  sometimes 
normal,  sometimes  diminished.  Patients  with  a  large  volume  of 
blood  seem  to  feel  worse  than  those  with  normal  volume,  even  when 
the  haemoglobin  percentage  and  count  of  corj)Uscles  are  approximately 
the  same.  In  the  remissions  of  the  disease  the  volume  may  be  rapidly 
reduced.  So,  for  example,  4,805  c.c.  with  1,100,000  red  cells  i)er 
cubic  millimetre  and  later  (in  remission)  2,775  c.c.  with  3,104,000 
red  cells  j)er  cubic  millimetre. 

2.  Gross  Appvarani'vs, 

(a)  The  drop  as  it  emerges  from  the  puncture  is  often  exces- 
sively pale  and  watery,  but  not  more  so  than  may  occasionally  be 
seen  in  secondary  aniemia  or  chlorosis.  Sometimes  it  is  not  nearly 
so  pale  as  in  other  cases  with  equally  low  counts,  a  fact  which  may 
be  due  to  the  increased  color  index  sometimes  present  (see  below). 

In  several  early  cases  I  have  seen  the  blood  as  red  as  normal. 

Another  api>earance,  which  I  have  frequently  observed  in  this 
and  other  anaemias,  is  an  uneven,  streaked  color  in  the  drop,  as  if 
the  cells  were  unequally  divided  in  the  plasma. 

(b)  As  striking  as  the  color  of  the  drop  is  its  gi-eat  fluidity ;  the 
rapidity  with  which  it  slips  off  the  ear  or  linger  often  makes  it  diffi- 
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fiult  to  suck  it  Up  ui  tiinp.  It  is  usually  very  alow  iu  ouajjulatiiig.  I 
When  drawn  the  bluocl  does  not  separate  into  seruiu  and  fllcit.  i-voii  \ 
ftft^r  the  lapse  uf  seveuty-twn  hours  (Leunble). 

(r)  The  fresh  specimen  in  most  oases  shows  no  rouleaux  forma-  . 
tioii,  anil  a  marked  diminution  in  lilotid  plates  and  tilirin.  Hayem 
eays:  "This  double  lesion,  rarity  of  blood  plates  and  loss  of  retrao-  . 
tility  on  the  part  of  tlie  clot,  is,  according  to  my  latest  ol)servations  i 
(1900),  the  iHfMi/ characteristic  sign  of  this  form  of  primary  anfemia."  j 
1  hav«  uu  experieu<«  on  this  point. 

There  are  usually  (preat  variations  in  the  size  and  shaiie  of  tha 
ooriniBcles  with  a  tendency  t»i  an  oval  shape  and  an  infn'ase  in  the  | 
average  diameter.  Not  infrequently  the  deformed  corpuscle  shows  | 
active  jweudo-ainueboid  iimtions  of  it.s  projei^ug  points  or  of  the  | 
oell  as  a  whole.  The  great  lack  both  of  red  and  white  cells  is  I 
noticeable  even  in  the  fn-sh  sjiecimen. 

E^l  C'-H*  nud  H/emo'jlo/.;,!. 

(a)  Quantitative  changes  (see  Table  I.).     The  average  count  of 
red  cells  in  tlie  <me  hundred  and  ten  casen  of  my  table  is  about 
1,200,000,  which  may  bn  taken  a.s  the  average  count  in  patients 
a«rn  at  the  stage  of  the  disease  at  which  they  feel  sick  enough  to 
seek  medical  advice.'     We  very  rarely  gi-t  an  opportunity  to  exr 
wiiiiie  thK  blood  in  the  early  stages  of  the  disease,  so  that  we  have 
to  judgw  of  them  chiefly  from  the  evidence  given  during  the  re-mis-   ' 
sion  so  nornmonly  observed.     In  the  relajtse  following  such  a  remis- 
sion the  blood  count  may  fall  from  5,000,fH>0  to  1,000,000  in  a 
jwriiMl  of  from  sin  weeks  to  six  months.     In  the  later  stages  of  the 
disease  J>00,000  red  cells  ])er  rrubic  millimetre  is  not  rare,  and  if  the 
diiniiHition  has  been  gradual,  the  patient  may  be  up  aiul  about  and 
able  to  do  light  work  with  a  count  no  greater  than  this.      1  had  an 
opportunity  to  observe  such  a  case  in  the  wards  of  Dr.  V.  C  8hat*    | 
tuck  at  the  Massai:husetts  fieneral  Hospital  five  years  ago,  in  whiob 
lor  several  weeks  the  blood  count  remained  at  or  near  500,000,  yet   I 
the  patient  was  outdi.>ors  daily,  rvail  the  papers,  and  seemed  per-    i 
frntly  comfortable.     Evidently  it  is  not  the  aniemia  itself  which  j 
kills  the  iwtient. 

The  lowest  count  on  record  is  that  reported  by  Quincke — 148,000 
per  cubic  millimetre.     This  case  later  improveil  so  much  that  the   i 

•Cf  KcliMiimann:  Out  «t  bin  tU  ntsM.  I  w>u  uvcr  2.000,000:  '^6  wen  be- 
tween 1,000,000 anil  S.OOO.OOO^  II  Ix-lnw  1,000.000;  nvenigi.-  1.29O,O0a 
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oorpuscles  rose  to  1,234,000  within  seventy-four  days  of  the  count 
of  143,000.     She  lived  several  months  "fat  and  well  nourished." 

Table  I. 

Pernicious  Anaemia'  (110  cases). 

The  red  cells  ranged : 

From  500.000  to  1,000,000  in 27 

•*      1,000,000  to  1,500,000  in 45 

**      1.500,000  to  2.000,000  in 84 

Total  cases  under  2.000,000 106 

From  2.000,000  to  2.500,000  in 4 

110 
b.  Leucocytes  numbered : 

Under  1,000 9 

1.000  to  8.000 28 

8.000to5,000 40 

6,000to7,000 24 

7.000  to  10.000 12 

10,000  to  18,000 2 

110 

e,  Hsemoglobin: 

Relatively  high  in 79 

Not  relatively  high  in 81 

110 

d.  Average  diameter  of  red  cells  at  time  of  final  examination: 

Increased  in 89 

Not  increased  in 21 

110 

«,  Megaloblasts  at  time  of  first  examination : 

Predominated  in 87 

Later  examination,  predominated  in 20 

Only  one  examination,  no  megaloblasts 8 

110 

/.  Lymphocytes  between  20  per  cent  and  80  per  cent  in 84 

•*                "        30        **        "40       **  84 

•*                 **        40        **        **     60        "  88 

•*                 **        60        **        **     80        **  6 

•*                 **        80        **        **     90        **  8 

110 
*  For  complete  records  of  these  ca.ses  see  Appendix  B. 
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OVit4  piTtfDt 

Soiic  foiinii 

A.  Myi'liM-'ytts,     Prcfieut  iu  flU  t.-us«!!i.    lli(,'UMt  pi-ruuibkgui: 

10  [ii-r  citnt  in 


The  great  but  temporary  improvements  above  alluded  to,  fol- 
lowed by  reUpsv,  occur  uitlu^r  with  or  without  treatment.  In  tlie 
course  of  a  few  inontha  the  count  of  red  ct-lls  may  riw>  to  nonnal, 
the  mioleated  PorpUMcles  (sew  below)  disiii)pfar,  iuid  the  patient  ia 
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apparently  restored  to  health  aiid  goes  to  work  with  a  laugh  at  the 
doctor.  I  have  followed  one  case  through  five  such  relapses  in  a 
period  of  three  years  before  the  fatal  issue  came.  Frequently  the 
patient  feels  so  well  during  one  of  these  remissions  that  he  goes  to 
work  and  is  lost  sight  of,  and,  under  such  conditions,  the  incautious 
are  apt  to  report  "cure." 

The  accompanijinfjf  charts^  show  the  three  types  usually  met 
with ;  No.  II.  being,  of  course,  only  a  fragment  of  a  case  similar  to 
No.  I.,  while  the  steady  progression  of  No.  III.  may  have  been 
preceded  by  a  rise  from  a  former  downfall,  though  no  such  history 
was  obtained. 

Looking  over  a  considerable  number  of  cases,  one  can  hardly 
help  being  struck  with  the  tendency  of  the  count  to  remain  near  the 
figure  1,000,000.  The  i*ed  cells  rarely  remain  stationaiy  at,  say, 
2,000,000,  and  often  death  may  occur  without  the  red  cells  sinking 
below  1,000,000.  It  seems  as  if  some  self-applying  mechanism 
tended  to  arrest  the  destruction  of  corpuscles  at  or  near  this  point. 

In  counting  the  red  cells  some  difficulty  and  error  may  result 
from  the  very  small  size  of  some  of  the  cells.  It  is  especially  im- 
portant that  the  diluting  solution  should  be  clean  and  freshly  mad?, 
else  without  the  aid  of  a  stain  it  may  be  hard  to  distinguish  the 
dwarf  cells  or  microcytes  from  bits  of  extraneous  substance. 

Quantitative  Changes. 

J^liite  Corpuscles  (see  Table  I.). — The  rule  is  a  very  consider- 
able diminution  in  the  number  of  leucocytes.  Thus  of  110  cases 
which  I  have  examined  71  were  under  5,000,  the  average  of  all 
being  3,800. 

[I  have  excluded  from  this  series  counts  made  immediately  after 
hemorrhages  and  counts  in  infants.  The  latter  are  very  apt  to  show 
a  leucocytosis  in  connection  with  ant/  form  of  anaemia.] 

As  the  disease  progresses  the  leucocytes  fall  even  more  rapidly 
than  the  red  cells,  and  counts  as  low  as  500  white  cells  per  cubic 
millimetre  are  not  uncommon. 

Leucocytosis  when  present  in  the  blood  of  adult  cases  is  always 
due  to  some  complication  like  hemorrhage  or  supjmration. 

As  mentioned  above,  the  blood  plates  and  fibrin  are  much  di- 
minished. 

*  The  number  of  perpendicular  lines  represents  the  number  of  weeks. 
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Ta»le  Il.~WtriTK  Ckl:.!*,— FiiiHT  Examixation  in  Mixtt  Cm 


NO. 

Wh.u.01.. 

NO. 

White  obIU. 

»a 

WhlWfBlto. 

400 
500 
BOO 
1,000 
1.000 
1.000 
l.SOO 
l.SOU 
1.800 

8,000 
a.  000 
a.  000 
a.  000 
8.000 

2,300 
2,600 
2.800 
2.800 
9.800 
8.800 

32 

aa 

34 

28 

a« 

87 

28 

20 

80 

31 

88 

88 

84 

80 

80 

87 

88 

89 

40 

2.000 

3,000 
B.000 

8.aoo 

3,300 
8.8O0 
8.400 
8,500 
8.600 
3,700 
3,704 
4,000 
4,000 
4,000 
4,000 
4.200 
4.300 
4.400 
4.000 
4.780 

41 

43 

48 

44 

46 

46 

4T 

48 

48 

BO 

51 

52 

58 

54 

50 

58 

87 

58 

50 

60 

Avengt 

6.200 

8.000 

=  8.800-f 

In  four  cases  in  which  Dr.  Lindstraiu,  ot  Boston,  waa  kind 
enough  to  give  luitssagi',  we  were  unable  to  see  the  ttli^htest  gain 
either  in  corpuscles  or  htemoglobin,  such  as  can  be  produced  teni- 
porarily  in  most  healthy  )>eriton8.  The  observations  of  J.  Mitchell 
on  this  point  we  were  unable  to  confirm. 

Htfmoi/lotnii- 

The  great  majority  of  oases  of  pernicious  aiitemia  have  a  rela- 
tively high  percentage  of  hiemoglnbin  (e.y.,  I,OOU,tM)0  red  cells  iind 
36  per  cent  of  haMuogloliin,  or  a  color  index  of  l."ii),  Ehrlich  has 
several  times  foniid  it  over  50  [ler  cent  even  111  the  severest  cases, 
and  on(re  a:^  high  afi  C5  per  e»nt. 

This  high  color  index  is  not,  however,  peculiar  to  this  disease. 
The  same  condition  has  been  noted  in  acute  leukieniia,  in  "splenic 
anEemia  "  (Mc^'nu-),  and  in  li>pro8y. 

Of  the  1 10  cases  in  the  series  on  page  133,  in  which  the  hsemo- 
globin  was  tested,  a  color  index  of  over  1  was  apparently  present  in 
79,  or  71  per  cent,  and  a  color  index  of  less  than  1  in  31,  or  29  gter 
O'nt,  of  tht!  caiwH.  Hi>w  many  of  these  htemogkdiin  estimations 
may  have  been  wrong  I  cannot  say. 

From  the  frequency  with  which  we  find  the  corpuscles  well 
stained  and  larger  than  normal  in  [H^micious  an»mia  (see  beluw),  we 
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should  expect  that  the  hsemoglobm  would  be  relatively  high,  and  in  a 
larger  percentage  of  cases  than  the  v.  Fleischl  instrument  indicated. 

An  increased  color  index  is  probably  a  bad  prognostic  sign.  In 
the  remissions  of  the  disease  when  the  cells  are  increasing  fast,  the 
haemoglobin  lags  behhid  and  the  color  index  is  loiv.  As  the  relapse 
follows,  the  color  index  in  many  cases  progressively  increases. 
Cases  whose  color  index  is  low  and  in  which  the  average  diameter  of 
the  red  cells  isnonnal  air  apt  to  be  gaining  at  that  timej  while  those 
with  high  color  index  are  apt  to  be  losing  at  that  time. 

The  average  color  index  in  the  cases  in  which  the  haemoglobin 
and  red  cells  were  both  tested  was  1.04,  the  average  percentage  of 
haemoglobin  being  26  and  of  corpuscles  24  (=  1,200,000). 

Qualitative  Changes. 

1,  Red  Corpuscles, 

We  must  distinguish  here  between 

I.  The  active  stages  of  the  disease  and 

II.  The  remissions. 

In  the  active  stages  we  find : 

(a)  In/^rease  in  the  average  diameter  of  the  cells  is  a  very  con- 
stant and  striking  feature  of  the  stained  specimens  in  this  disease. 
In  no  other  disease  do  so  large  cells  or  so  many  of  them  occur. 

The  average  diameter  may  rise  as  high  as  11  to  13 /i,  but  as  a 
rule  the  average  is  reduced  by  the  presence  of  a  few  abnormally 
small  forms.  The  percentage  of  oversized  cells  gives  us  a  better 
idea  of  the  facts.  Thus  Ehrlich  in  8  cases  of  pernicious  anaemia 
found  the  following  percentages  of  oversized  red  cells :  71,  71,  ^^j 
65,  60,  58,  57,  56. 

Out  of  one  hundred  and  ten  cases  in  which  I  have  looked  for  this 
point,  eighty-nine  showed  the  mcrease,  as  far  as  could  be  judged 
without  measuring  any  large  number  of  cells.  This  does  not  mean 
that  every  cell  is  larger  than  normal,  but  that  those  larger  than 
normal  outnumber  those  undersized ;  the  "  macrocjrtes ''  are  more 
numerous  than  the  "microeytes.''  Occasionally  we  see  cells  over 
20/1  in  diameter,  some  with  nuclei,  some  without. 

(h)  Def on/n't  it's  in  Shape, — The  eye  soon  gets  used  to  the  shapes 
assumed  by  the  neorobioticc()rj)iisoles  and  learns  to  disting^iish  them 
from  the  distortions  due  to  technique  or  to  crenatioii.  Most  of  them 
fallimder  one  or  another  of  the  tyj>es  sho\^^l  in  Plate  IV.     The  very 
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large  forma  are  geni^rally  uval,  but  seltloui  present  any  further  cle- 
foniiitiefl.  Among  the  smaller  cells  the  Iwttledore  and  sausage- 
Eha|>ed  forms  aiti  very  oummoii.  In  one  case  I  found  all  the  rt-il 
cf  Us  of  the  latter  shape,  so  that  they  looked  at  tiTMt  siglit  like  a  lot 
of  gigaiitie  biu^itli.  That  this  appearaiiee  was  not  due  to  tlie  teeh- 
niiiue'  (as  I  had  at  lirst  supposed)  is  probable  from  the  fact  that  tho 
tod-shaped  cells  did  uot  iK>iut  all  in  one  direction  as  tliey  wuuld 
have  done  if  pulled  out  of  sliajie  by  the  prowess  of  spreading  (see 
Fig.  29).     This  api«'aranee  is  only  an  exatip'raliim  of  what  may  ho 


Been  in  most  severe  anaemias,  namely,  a  teudeuey  toward  an  oral 
iiliH]ie  like  that  of  amphibian  wjrpuwles.  Tliis  is  usually  true  of 
thoM  cells  (in  peniicioua  cases)  which  are  not  more  violently  de- 
fxnni'd.  Tht!  typ<>  oferll  mo  common  in  seMindary  uniemia — whU 
stained  at  the  edges  and  pale  in  the  middle  (Litten's  "pessary 
fiimiH")  an«  ran-ly  seen. 

Occasionally  we  see  eases  with  no  considerable  deformities  what- 
ervt  in  the  red  Pells.  In  nini-  e«ses  out  of  sixty  in  which  tills  point 
waH  observed,  little  or  no  deformity  was  noted.      I  cannot  make  out 

■8»mi-wriu-rsnilviiie  Ihc  uw  "f  Ii'm  li'-sl  llian  iisim!  in  i) >'Jt ling  with  cover- 
^Inkii  npi'cinifn*  of  pcrniolmm  iiiiii-mi:!.  1  liuvc  D<it  (uuuil  iJils  »n,  iiDil  beat  as 
Uiunl  uji  tu  190'  ('.  and  Uu^d  jitup. 
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that  such  cases  have  any  better  or  worse  prognosis  than  others.  I 
have  never  seen  eases  whose  red  cells  were  all  umlerslzed,  but  a 
normal  average  diameter  was  present  in  somewhat  under  one-quar- 
ter of  the  cases  in  wliich  I  have  looked  out  for  this  point. 

(c)  Stain  hi  fj  Fropt'rties  nf  the  Bed  Cells. — The  white  spots  or 
streaks  described  by  Maragliano,  Hayem,  and  others  are  very  often 
seen  in  the  red  cells  of  pernicious  anaemia  despite  good  technique. 
Some  corpuscles  are  so  pale  in  the  centre  that  we  see  only  the 
narrow  ring  of  stained  protoplasm  at  the  periphery,  a  mere  shell. 
Others  are  swollen  up  so  as  to  show  no  sign  of  central  biconcavity, 
and  stain  deeply  and  evenly  all  over. 

More  common  than  in  any  other  form  of  anaemia  ai'e  the  i)olychro- 
matophilic  red  cells  (see  Plate  IV.)  which  with  the  Ehrlich-Biondi 
mixture  stain  brownish,  purple,  or  gray,  either  as  a  whole  or  in  parts. 
In  cover-slips  stained  with  thionin  the  si)otted  appearance  of  the  pro- 
toplasm described  by  Ehrlich  and  Grawitz  is  usually  marked.  In  the 
nucleated  red  cells  the  protoi)la.sm  is  very  apt  to  show  these  changes. 
In  some  cases  it  is  difficult  to  distinguish  normoblasts  from  lympho- 
cytes. In  difficult  cases  we  have  sometimes  to  fall  back  \\\)o\\  the  aj)- 
pearances  of  the  i)eriphery,  which  in  most  red  corpuscles  shows 
some  thin  place  or  (jrinkle  characteristic  of  'fiflfit  cell,  while  the  lym- 
phocyte gives  us  the  more  solid-looking  outline  of  the  spherhal  cell. 

All  these  microchemical  changes  can  be  l)etter  brought  out  with 
haematoxylon-eosin  or  eosin -methyl-blue  stains,  but  all  that  is 
needed  for  clinical  purposes  can  be  made  out  with  the  ordinary 
Ehrlich-Biondi  mixture. 

^.    yurJented  Red   Corpusrh's. 

Nothing  furtluu*  needs  to  l)e  said  in  descri})tion  of  these  forms 
(see  above,  pages  89-9.S).  We  have  no  ejcuet  method  of  estimating 
the  numljer  of  nucleated  cells  either  in  relation  to  the  whole  number 
of  red  cells  or  in  a  cubic  millimetre.  All  we  can  do  is  to  note  the 
number  seen  in  aneh  an  area  of  a  cover-glass  specimen  as  is  covered 
while  coimtinga  given  number  (►f  white  cells,  say  1,000.  Knowing 
the  ratio  of  red  to  white  corpuscles,  we  can  calculate  from  this 
number  of  nucleated  r(Ml  cells  their  aj)j)r()ximat(^-  relation  to  the 
whole  mmiber  of  r(»d  cells. 

Thus  if  the  ratio  of  wliit^  to  red  be  1 : 1,000  (1,000,000  red  and 
1,000  white)  and  we  have  seen  two  nucleated  red  corjiuscles  while 
making  a  diiferential  count  of  1,000  white  cells,  the  tot^l  number 
of  red  cells  passed  over  must  be  ai)proximately  1,000,000  and  the 
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Dumber  of  nucleated  corpuscleB  alwut  2  :  1,000,000  rcO  cells  or 
two  in  ft  (lubic  mUlimetre.  Of  course  when  leuoix-ytusis  is  jirewiit 
aiid  the  ratio  is  raised— say  to  1 :  150  (.10,000  white  uiid  1,.W0,U00 
red)— tinduig  two  nucleated  red  cells  while  oountiiig  1,000  whit« 
would  mean  that  there  were  two  tiucleated  <wlls  lii  ei-ery  ir>0,000 
Dou-nuclpat«^td,  or  twenty  in  a  cubic  millimetre  (or  in  1,500,000 
aon-nui'leated  <iellB). 

Such  calculations  are  inaccurate  because  we  are  never  sure  that 
the  red  eella  and  white  cells  are  diBtrilmtt^d  in  the  dried  specimen 
exactly  as  they  are  in  the  blood.  Part  of  the  leucocytes  may  be 
accumulated  at  the  i-ilgen  of  tlie  cover-glass  so  that  the  ratio  in  the 
middle  may  be  different  from  that  in  the  circulating  blood, 

NevertheleBS  we  can  gi-t  Konie  iilea  of  how  plentiful  the  nucleated 
corpuscles  are,  and  as  their  significance  in  prognosis  depends  far 
more  on  their  kinil  than  on  thi-ir  nnmlirr,  greater  accuracy  as  to  the 
latter  is  not  at  present  imiM)rtant.  For  instance,  two  megaloblaats 
jier  oubin  millimetre  mean  a  worse  pnignosia  than  twenty  normo- 
blasts, provided  there  are  no  other  kinds  present  in  either  case.  It 
is  the  rtUio  of  meK^loblasts  to  normoblasts  and  not  the  absolute 
number  of  each,  that  is  of  importance. 

In  alt  but  three  of  the  (!ases  of  pernicious  anaemia  in  which  I  have 
examined  the  blood,  the  number  of  megaloblasts  has  exceeded  the 
numl)er  of  norniolilasts,  and  as  the  cases  grew  worse  the  megalo- 
blasts grew  relatively  more  numerous  (oft«n  absolutely  as  well). 
Further,  in  several  hundre<l  cases  of  severe  secondary  aneemia  1  have 
never  yet  seen  the  number  of  megaloblasts  exceed  the  number  of 
normoblasts. 

The  range  of  variation  in  the  number  of  nucleated  cells  present 
has  extended  in  my  series  from  (i  i>er  cubic  millimetre  to  7,100  per 
cubic  millimetre  (see  Table  III.).  The  caluolatiuu  cad  be  made  by 
using  the  following  formula: 

Let  n  =  ilic  uumtier  of  whilp  cells  coualvil  (by  dlffereniial  count) 

"    in  =       "  "      nuclc«U-d  red  w'lU  seen  while  counliiig  tliMe, 

"    p  =       "  "      white  cfOH  per  ruhic  milllmetrr  (Thnma-ZrfH). 

p  X  —  =  *  =  aumbrr  of  uuc1i«Im1  ThI  oelis  per  cubic  mitlimt'lrt-. 

The  search  for  nucleated  corpuscles  in  jierntcions  una;mit  is 
sometimes  the  most  lalH>riouK  umlertaking  in  all  bUitid  exauunatiou, 
but  it  is  also  one  of  the  most  important.  We  may  search  two  or 
three  hours  liefore  finding  one  nur-lrated  corpuscle,  but  on  that  cor-. 
pUBcle  may  hang  the  character  of  our  prognosis.     If  it  be  a  me^alo- 
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blast  and  no  other  nucleated  red  corpuscles  are  seen^  the  prognosis 
is  bady  and  it  is  important  that  we  should  know  it.  This  is  partic- 
ularly true  when  the  case  is  seen  during  a  remission,  for  under  these 
conditions  we  might  never  suspect  a  case  of  pernicious  ansemia  but 
for  the  presence  of  megaloblasts.  They  ai*e  not  always  difficult  to 
find ;  indeed,  in  one  of  my  cases  they  were  nearly  as  numerous  as 
the  white  cells,  but,  as  a  rule,  we  do  not  get  off  with  less  than  twa 
hours'  work. 

The  number  of  megaloblasts  in  the  peripheral  circulation  often 
varies  very  markedly  from  day  to  day  so  that  to-day  it  may  be  al- 
most impossible  to  find  any,  while  to-morrow  they  will  be  plentiful. 
Even  in  different  preparations  made  at  the  same  time  the  number  of 
megaloblasts  may  vary  greatly.  The  importance  of  frequent  ex- 
aminations is  obvious  in  the  light  of  these  facts. 

Table  III.  shows  the  number  of  nucleated  corpuscles  per  cubic 
millimetre  in  thirty  of  the  cases  examined  by  the  writer. 

Table  III.— Number  op  Nucleated  Red  Cells  pek  ('ubic  Millimetre. 

IN  Thirty  Cases  of  Pernicious  AViEMiA. 


Caae  Number. 

Total  nucleated 
red  cells. 

Megaloblasts. 

normoblasts. 

Microblasts. 

1 

7,100 

6.468 

854 

277 

240 

229 

208 

200 

117 

116 

114 

112 

96 

96 

92 

46 

45 

89 

85 

28 

28 

28 

18 

14 

11 

11 

11 

9 

8 

8 

5.800 

3,476 

574 

277 

160 

128 

180 

184 

108 

80 

95 

96 

9« 

84 

99 

26 

86 

88 

82 

26 

21 

28 

12 

14 

11 

10 

9 

2 

1.825 

924 

266 

0 

80 

106 

78 

66 

14 

86 

19 

16 

0 

12 

88 

20 

9 

6 

8 

2 

7 

0 

6 

0 

0 

1 

2 

8 

1 

1 

475 

2 

2,066 

8 

14 

4 

0 

5 

6 

7 

8 

0 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

80 
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3,    White  Corpuscles. 

Unless  the  cover-glasses  ai*e  si>read  unusually  thickly,  it  may 
take  a  long  time  to  tiud  enough  leucocytes  for  an  accurate  differen- 
tial count,  so  great  is  the  leucoi)enia  in  many  easi»s.  It  is  worth 
while,  therefore,  to  s])ivad  some  cover-glasses  moit*  thickly  than 
wouhl  Im*  advisable  if  we  had  only  the  i-ed  cells  to  examine.  Such 
prejiarations  should  l)e  dried  at  once  hy  artificial  heat. 

TaIU.K    IV. — PERCKXTA(iE8  OF   LKrCOCVTKH   IX    PEUXICIort*  AN.V.MIA. 


Ltmphucttbs,  Lahob  avd  8m au.. 

EofllKOPBILBS. 

Number  of 

No. 

P^r  cent. 

No. 

Per  cent. 

counts. 

1.    

79. 

77. 

71. 

61.6 

68. 

57.6 

57.2 

57. 

56.9 

56. 

58.9 

58.8 

51.5 

49.5 

49.4 

47.9 

47.9 

47. 

46. 

45.9 

45.5 

44.7 

43.7 

42.2 

41. 

40.8 

40.5 

39. 

38. 

:*. 

37.8 
36.1 
a").  7 
35.6 
85.6 
84. 

1 

9.            1 

6.2 

6.            1 

4.7         1 

4.6         1 

4.5 

4.4 

4.8 

4. 

4. 

4. 

8.7 

3.6 

3.4 

8.4 

3.1 

8. 

2.8 

2.7 

2.6 

2.6 

2.6 

2.6 

2. 

2. 
o 

1.6 
1.6 
1.5 
1.5 
1.5 
1.5 
1.4 
L2 
1.2 
1.2 

1 

2 

2 

1 

8 

8 

1 

4 

4 

2 

5 

5 

2 

6 

6 

8 

7 

7 

1 

8 

8 

1 

9 

9 

1 

10 

10 

5 

11 

11..:: 

1 

12 

12 

2 

18 

13 

1 

14 

14 

15 

2 

15 

1 

16 

17 

16 

17 

1 
8 

18 

19 

18 

19 

2 
2 

20 

20 

1 

21 

21 

8 

22 

22 

1     23 

2 

28 

1 

24 

24 

25 

1 

25 

1 

26 

26 

1            2 

27 

27 

1 

28 

• • 

28 

1 

29 

29 

80 

5 

30 

2 

31 

31 

1 

82 

32 

1 

88 

:     88 

1 

34 

34 

8 

85 

85 

1 

86 

86 

1 
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Table  IV.— Percentage  ok  LErciHn-TKs  in  PKiiNuiors  An.kmiv 

{^O'htiituaf), 


t 

Ltmpbocttes,  Larob  and  Small. 

E081K0PHILCa. 

No. 

Per  cent. 

No. 

1                                                                II 

I 
}\tr  wnt. 

87 

33.6 

33.1 

33. 

33. 

31.8 

29.4 

28.7 

28.4 

27.3 

27.2 

26. 5 

24.2 

22. 

21.2 

19.8 

16. 

37 

1.             1 

88 

,     38 

1. 
I. 

89 

39 

40 

40 

.8 

41 

41 

.8 
.8 

.6 

r 

.3 
.2 

.0 
.0 
.0 
.0 

42 

42 

43 

43 

44 

44 

45 

45         

46 

46 

47 

47..... 

48 

48 

49 

49 

60 

50  

61 

51 

62 

52 

Numlier  of 

CHHIUIH. 


I 

1 
t 
1 
1 
1 
I 
1 
1 
I 
2 
1 
I 
I 


The  essential  point  shown  in  those  tal)h's  is  thr  almohitr  and 
relative  diminution  in  the  polynu(di»ar  (tIIh  wliich  corrfspomlH  with 
a  percentage  increase  in  the  otlier  forms.  Ahsohit^'ly  the  lyiiiplin- 
cytes  are  alwut  normal. 

In  52  cases  examined  by  myself  the  lyniplioeytes  (hir^e  and 
small)  averaged  45.4  \H*r  cent.  About  nine-t^Miths  of  tlieHe  w«Tf» 
small  fonns.  As  the  fatal  termination  aj)j)roju'heH,  the  |HM'eentiiKe 
of  lymphoc^'tes  ris(*s.  An  extreme  (-ase  of  this  vhnu^r  han  aln-ady 
been  recorded  on  page  lO.S.  Two  other  eaw*s  showed  n'HjH'etividy  71 
and  79  jier  cent  of  lymphcH^yt4rs  a  frw  days  Ind ore  d«*ath.  Th**  poly- 
morphonuclear cells  suffer  iirr^iKirtir^nately  as  a  ruh*.  On  the  oth<'r 
handy  Ewing  has  observed  a  mark<'d  riw  in  tli«'  jHTei-ntaj^**  of  th** 
I)olynuclear  frells  near  death,  although  autopsy  revi'uh'd  no  eoiii|fli- 
cation.  Pneumonia  or  .s^-ptie  eom plications  may  prodiiei*  an  oidi- 
nary  i>ol}'nuch'ar  h'UCK'ytosis. 

Eo9inophil*-A  an'  r^'easionally  increa^^'d,  9  \i*'r  <'ent  U*in/  pi«'<<'nt. 
in  one  of  my  case's,  0.0  in-r  c-nt  in  anoth«'i.  Th**  av<-ra;<«'  oj  7H 
examinations  in  my  52  eas<-»  i-  2.7  j^-r  t'^ut. 

Small  jjer^-^nta^*-?  of  m;f*f'»*tftfii  ^m*  the  pjI*-.  TIm-v  ar"  \n*'>**tA 
in  42  of  52  ^-a^*.     Tab]*-  V.  :-}i'/v.  -  th**  j*«'f'*-nta;r<->. 

A.s  h2Lsi  l^en  ^xj'!a:r;-'i  ;tv»v<'  /pa/*-  11'*^,  th*-  i/jy<']'/'yti-  >  iuitA 
in  a  great  vari»rty  r.f  <»??••"•:•/;.-,  a>;.'/,^^^    v«-ry  '.y^.r.u/yj  it*  i/,'/*:*, 
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Ho. 

P»r™.i«, 

pBnMI 

No. 

9.  a 

1» 

i.e 

87    

8.8 

e. 

31 

a» 

e.8 

88 

40 

4.8 

84 

43 

4. 

85 

48 

4. 

10 

S.4 

88 

46 

11 

8. 

89 

47 

48 

18 

2.7 

81 

49  ,...■... 

14 

8.S 

89 

SO 

18 , 

S.S 

88 

51 

9.9 

84 

58 

17 

18 

a,  9 

8.0 

85 

88 

Avenges 

a  per  cent 

but,  BO  far  as  luy  obaervations  ^o,  its  jirescJice  is  more  constant  and 
thi-  iH'rtH-ntagfs  run  highf  r  in  iieniiciciiis  aittiMnia  thau  in  any  ot)ier 
i!i!)ea»e  exR«pt  leukemia.  I  am  speaking  now  of  p«rceDtagea. 
With  H  lencDpenia  sucJi  an  is  nsiially  present  in  pernicious  anemlKf 
i;  jwr  cent  of  myelocytes  means  absohiwly  a  very  small  number  per 
cubic  iiiilliinetrc. 

Takiiiff  3,800  leucocytes  per  cubic  millimetre  as  the  average  for 
pernicious  auwrnia  (see  above,  page  l.tfl),  '2  per  cent  of  myelocj'tes 
auiounU  ta  only  76  per  cubic  millimetre.  In  leukemia  the  absolute 
niunbcrof  myclw^yt^is  iHReldom  uuiler  ITiO.OOO  per  cubic  millimetre. 


T/ir  lil;,«t 


,    He,. 


1.  Thk  ('oi^b  Ixukx.  When  the  red  corpuscles  begin  to  in- 
crease the  color  index  may  remain  relatively  high  or  even  become 
still  higher  (Laache,  Schaumann) ;  but  in  the  majority  of  cases  titia 
is  not  so.  As  a  rule,  in  the  remissions  of  the  iUsea.se  the  haemoglo- 
bin is  relatively  low,  as  inordinary  symptomatic  ante  mta,  and  I  have 
seen  two  caseswhtch,  if  examined  for  the  first  time  during  the  period 
of  remission,  would  have  certainly  l>een  mistaken  for  ordinary  chloro- 


I 


2.  'Vnn  I.KrirocYTi 
cells  there  is  usually  h 


.     (Coinciding 
still   ifii-Htcr  i 


n'ith  the  increase  in  the  red 
icrcase  in  the  leuoo<;ytes,  so 
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that  for  a  time  a  moderate  leucocytosis  may  be  present.  This  in- 
crease is  made  up  very  largely  of  i)olymorphonuclear  neutrophiles, 
and  is  due,  no  doubt,  to  the  increased  acitivity  of  the  marrow- 
through  which  both  i-ed  corpuscles  and  granular  leucocytes  are  mul- 
tiplied. The  eosinoph lies  may  also  be  increased  as  in  the  following 
ease  of  Ehrlich :  Red  cells,  4,115,000;  white  cells,  18,;^00.  Differ- 
ential count  of  400  cells  showed:  Polynuclears,  78.2  j)er  cent; 
lymphocytes,  12;  large  mononuclear,  0;  eosinophiles,  9.5  per  cent. 
In  another  similar  case  he  found  1 1  per  cent  of  eosinophiles. 

As  the  percentage  of  polymorphonucleai*  neutrophiles  increases 
the  percentage  of  lymphocytes  decreases,  and  the  myelocytes,  which 
are  usually  pi'esent  in  small  percentages  during  the  active  stages  of 
the  disease,  disappear.  The  number  of  megaloblasts  steadily  de- 
creases, and  in  their  place  normoblasts  ap})ear  for  a  time;  later 
they,  too,  leave  the  circulating  blood.  The  size  of  the  individual 
red  cells  is  sometimes  gi-eater  during  a  remission  of  the  disease  than 
at  any  other  time.  In  one  remai-kable  c^e  the  patient,  whose 
symptoms  had  totally  disappeared  and  who  was  actively  at  work  as 
a  newspaper  correspondent,  dropped  in  to  see  me  one  day,  appar- 
ently in  splendid  health  and  spirits.  His  skin  and  mucous  mem- 
branes were  ruddy  i*ed,  his  haemoglobin  90  i)er  cent,  yet  to  my 
great  surprise  I  found  only  2,500,000  red  cells  to  the  cubic  milli- 
metre. The  stained  specimens  showed  the  largest  red  cells  which 
I  have  ever  seen,  for  the  most  ])art  ]>erfectly  well  shaped  and  natural 
looking,  but  averaging  12 /i  in  diameter.  This  stage  is,  however,  a 
comparatively  short  one,  and  the  size  of  the  red  corpuscles  soon  l)e- 
comes  normal  or  subnormal.  The  abnonual  staining  reactions  and 
the  oval  forais  disappear.  As  a  rule,  the  count  of  corpuscles  does 
not  remain  long  above  4,000,000,  but  ranges  in  the  neighborhood  of 
3,000,000  during  the  greater  pai't  of  the  remission. 

3.  The  Red  Cells.     Usually  the  proportion  of  large  forms 

diminishes  as  in  Ehrlich's  case:  («)  Active  stage;  i-ed  cells  1,340,- 

000,  large  forms  66  per  cent,     {h)  Remission;  red  cells  4,115,000, 

large  forms  88  -per  cent.     At  the  beginning  of  the  remission  tlie 

number  of  megal()bla.sts  diminishes,  while  the  normoblasts  increase. 

Later  the  latter  also  disap])ear.     Deformities  liecome  less  marked 

and  the**  pessary  sha})ed  "  (»ells  (pale  centres)  appear,  giving  the 

blood  the  appearance  of  secondaiy  anaemia.     Polychromatophilic 

and  spotted  cells  <^row  less  numerous,  but  Ehrlicth  maintains  that 

the  latter  may  remain  even  when  the  blood  has  otherwise  regained 
10 
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its  normal  appearance.     He  therefore  considers  "  sjx)tted  red  cells  '^ 
of  value  for  diagnosis  during  remissions. 

The  rate  of  regeneration  is  often  astonishingly  ra])id. 

In  Case  VII.  of  my  series  the  red  cells  increased  from  1,800,000 
to  5,200,000  in  fourteen  days.  In  Case  XXXIX.  the  red  cells  in- 
crea.sed  from  2,200,000  to  4,000,000  in  thirteen  days.  In  Case 
LVIII.  the  red  cells  increased  from  1,500,000  to  3,200,000  in 
twelve  days.  In  Case  XC-I.  the  red  cells  increased  from  1,700,000 
to  3,000,000  in  fourteen  days. 

Similar  observations  have  been  reported  by  Ehrlich  and  other 
observers. 

It  is  quite  possible,  although  I  have  no  figures  to  prove  it,  that 
in  the  periods  of  decline  the  red  corpuscles  may  fall  as  rapidly  as 
they  subsequently  rise.  This  possibility  is  suggested  by  the  fact 
that  one  rarely  sees  pernicious  ausemia  in  an  early  stage — that  is, 
until  the  red  corpuscles  have  fallen  below  2,000,000  per  cubic  milli- 
metre. Only  four  of  my  cases  showed  more  than  2,000,000  red  cor- 
puscles per  cubic  millimetre  at  the  time  of  the  first  examination  of 
the  blood. 

Sum  wary. 

The  more  important  characteristics  of  the  blood  of  pemiciouB 
ansemia  are  as  follows : 

1.  Bed  cells  ahout  1^200^000  per  ntlnc  mil li metre, 

2.  White  reih  much  diminUhed, 

3.  Hwmoglobin  variable,  *owWiw^^  in4Te(tsed  relatively  (=  high 
color  index). 

4.  Deformities  in  size  and  shape  of  red  cells  in  many  cases. 

5.  Increase  ifi  average  diameter  of  red  cells . 

6.  Polychromatophilic  red  cells. 

7.  Metjalohlasts  more  numerous  than  normobULsU. 

8.  Lymphocytosis. 

9.  Small  j)ercentage  of  myelocytes. 

The  items  italicized  are  the  most  important  and  chaTacteristic. 

JMafjuostic    Vahi^. 

1.  Pemiriovs  anaemia  and  chlorosis  may  be  indistinguishable 
without  the  examination  of  the  blood.  The  pallor  of  the  two  dis- 
eases is  not  always  different  either  hi  degree  or  in  kind,  and  the 
symptoms  and  physical  signs  may  be  identical. 
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The  differential  diagnosis  is  easily  made  by  the  blood.  The  red 
cells  rarely  reach  as  low  as  2,000,000  in  chlorosis  and  the  number 
and  degree  of  degenerative  changes  are  less  than  in  pernicious  anae- 
mia. Megaloblasts  have  been  seen  in  chlorosis  (Hammerschlag) 
but  have  never  constituted  a  majority  of  the  nucleated  red  cells 
present.  In  the  gieat  majority  of  eases  the  pallor  and  other  signs 
and  symptoms  of  chlorosis  are  due  to  lack  of  hsemoglobin  per  cor- 
puscle (for  the  corpuscles  are  not  only  pale  but  very  small-sized), 
and  not  to  a  lack  of  corpuscles.  The  high  color  index  and  large 
size  of  the  scanty  cells  in  pernicious  anaemia  contrast  strongly  with 
this. 

The  white  cells  are  about  the  same  in  both  diseases,  though 
usually  fewer  in  pernicious  anaemia.  Lymphocytosis  is  common  to 
both  diseases.  Myelocytes  are  occasionally  found  hi  chlorosis,  but 
much  less  commonly  than  in  pernicious  anaemia. 

2.  Pernicious  Ancemia  and  the  Anosmia  of  Malignant  Disease, — 
Not  long  ago  I  examined  the  blood  of  a  gentleman  who  had  grad- 
ually and  without  assignable  cause  acquired  a  •*  lemon-yellow  "  pal- 
lor, without  loss  of  flesh,  vomiting,  pain,  or  any  localizing  sign  or 
symptom.  The  diagnosis  of  pernicious  anaemia  had  been  made. 
To  my  great  surprise  I  found  over  4,000,000  red  cells,  with  only  38 
per  cent  of  haemoglobin,  and  18,780  white  cells,  86  per  cent  of 
which  were  polymorphonuclear  neutrophiles.  One  normoblast  was 
seen.  Fibrin  was  not  increased.  The  anaemia  was  evidently  sec- 
ondary, and  the  autopsy  ten  months  later  showed  cancer  of  the 
stomach. 

Osier  and  McCrae  record  a  case  in  which  the  symptoms  and  signs 
(except  the  blood)  were  so  suggestive  of  pernicious  anaemia  that  Osier 
made  that  diagnosis.  Six  months  later  a  nodular  mass  was  felt  in 
the  region  of  the  stomach  and  the  patient  soon  after  died.  In  this 
case  the  red  cells  varied  between  2,840,000  and  3,048,000.  The 
leucocytes  numbered  11,600;  there  were  no  nucleated  red  cells  and 
bat  slight  poikilocytosis.  Haemoglobin  was  25  per  cent,  i.e.,  the 
blood  of  secondary  anaemia.     I  have  since  had  four  similar  cases. 

Malignant  disease  may  bring  down  the  count  of  red  cells  to 
1,000,000  or  lower,  but  in  such  eases  leucocytosis  is  often  present. 
As  will  be  seen  in  the  chapter  on  malignant  disease,  leucocytosis  is 
by  no  means  invariable  in  the  anaemia  of  cancerous  growth,  but  in 
those  ease^  which  cause  such  an  anaemia  as  to  resemble  the  counts 
of  pernicious  anajmia,  leucocytosis  is  the  rule.     This  in  itself  is 
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usually  Hulficient  to  exclude  iincoin plicated  peniieious  ansemio. 
Whi'H  an  int-reaae  iii  the  whole  number  of  leucocytes  is  not  present 
in  malignant  diHcase,  there  is  often  an  iiicreaaed  percentage  of  poly 
morphuniielear  cells,  contrasting  strongly  with  the  increased  ))er- 
O'titHge  of  lymphocytes  in  pernicious  amemia, 

NoniioblantR  and  not  niegaloblastfl  are  th«  rule  in  malignant  dift* 
cafip.  If  megalobliuiits  are  present  they  are  in  tlie  minority,  whilsi 
in  pernicions  anwrnia  they  are  in  the  majori^.  The  average 
and  stain ing-po we r  of  the  red  cells  is  increased  in  most  rases  of 
pernicious  aiuemia  and  decreased  in  most  eases  of  malignant  dia- 
easi'. 

Ehrlich  has  twice  diagnosed  pemiciims  antemia  from  the  bliKxl 
cxaminatiun  and  been  confronted  at  the  autopsy  with  small  can- 
uertms  growths  in  the  stomach.  In  one  case  the  cancer  was  "the 
size  nf  a  hazelnut " ;  in  the  other,  "  an  annular  tibrons  cancer  of  ttte 
pylorus  without  any  ulceration."  In  these  cases  I  believe  the  i-an- 
ciT  to  have  Ix-en  a  compli'-Mtion  and  not  the  cause  of  the  anremia. 
Such  small  growths  are  very  rarely  associated  with  any  ameinia  at 
all. 

Ilayem  insists  that  pemioious  antemia  may  be  distinguislied  f  ram 
antemia  secondary  to  canw-r,  liccaiise  in  caucer  the  clot  iruntrai^tf 
Hnnly  and  squeezes  out  the  seninif  and  the  blood  plates  are  bat< 
slightly  iliniinished,  while  in  [lernieious  anaemia  the  clot  dues  not 
retract  and  bUtoil  plates  are  greatly  decreased. 

:i.  I'miirlitiu  Aii'i-mlii  ami  iithrT  Sn-nmiarij  Aniriiiiim.  —Moat 
seeonthiry  aniemiaa  which  are  severe  enough  to  reduce  the  count  of 
ns]  cells  In-Iow  2,000,000  follow  the  type  nf  lualignant  dineaae  and. 
show  leucocytMtiK.  The  great  pallor  and  dysjtmfa  seen  in  couneo- 
tiim  with  some  eases  of  tulH-milntU  and  nrphritin  rarely  mean  a  loT 
count  of  red  cells,  but  simply  a  loss  of  haemoglobin.  I  remember 
two  cB«rR  in  adjacent  beds  at  the  >[Hssac.hu setts  General  Hospital, 
both  with  extreme  yellow  pallor  without  emaciation;  one  had 
1,020,000  and  the  other  4,100,000  red  cells,  the  litemoglobiu  in 
each  being  about  thirty  per  cent.  The  first  was  pernicious  ansemiaf 
tlie  second  nephritis. 

Purpura,  typhoid,  lead  jHiisouing,  chronic  malaria,  anil  other 
diseases  may  reduce  the  red  cells  to  a  )>oint  as  low  as  that  seen 
in  early  stages  of  pernicious  amemia  and  may  not  l>r  •ii-roni/uinied. 
hy  IrwrtriftiMu  ;  but  the  al>sent^  of  changes  most  eharactcristio 
of  the  latt*>r  disea.se  («  majority  of  megalohlasts,  increased  diam- 
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eter  aiid  color  index  iii  the  red  cells)  serves  to  make  the  diag- 
nosis clear.' 

4.  Perniciouti  Anannia  ami  Lt*i(ka'miu.  —Occasionally  in  infants 
these  two  diseases  seem  to  approach  very  near  each  other  and  are 
difficult  to  distinguish.  In  infancy,  as  is  well  known,  any  anajniia 
(primary  or  secondary)  is  apt  to  be  accompanied  by  leucocytosis 
and  an  enlarged  spleen.  Further  leukaemia,  which  hi  adults  usu- 
ally causes  a  relatively  slight  anaemia,  affects  the  red  cells  much 
more  strongly  in  infancy,  and  may  reduce  them  to  a  number  de- 
cidedly suggestive  of  pernicious  anaemia.  Theivfore  in  lioth  dis- 
eases we  may  have  enlarged  spleen,  gi*eat  anaemia,  and  leucocytosis. 

The  one  characteristic  point  of  leukaemic  blood— the  abundance 
of  myelocytes — usually  enables  us  to  distinguish  the  two  diseases, 
for  although  present  in  both  diseases  the  myelocyte  is  much  more 
plentiful  in  leukaemia.  Unfortunately  we  have  no  way  of  fixing 
just  how  numerous  myelocytes  must  be  in  order  to  constitute  leukae- 
mia. It  is  only  in  infancy  and  very  rai-ely  then  that  this  difficulty 
arises,  but  at  that  period  I  am  inclined  to  believe  that  we  sometimes 
see  conditions  intermediate  between  the  two  diseases,  indicating  the 
ultimate  identity  of  the  two.  Their  numerous  clinical  resemblances 
cannot  here  be  discussed.  (For  further  comment  on  this  })oint  see 
page  454). 

Prognostk'  Value  of  the  Blood  ix  Pernicious  An\«mia. 

The  prognosis  is  always  very  bad,  but  the  following  scheme  in- 
dicates the  presence  of  a  severe  or  of  a  mild  tyjK* : 

1.   Severe  (j*a pull  if  fatal).  2.   Leant  Severe  {sloawr  course) . 

(a)  Extreme    progressive     an-     {a)  Remissions. 

aeinia.  {h)  Normal   or  low   color   index. 

{b)  High  color  index.  (r)  Normal-sized  or   small   cells. 

(c)  Increase  in  size  of  red  cells,    (rf)  No  degenerative  change. 

(d)  Degenerative  changes.  {e)  Numerous  normoblasts. 

(e)  Numerous  megaloblasts.  (/)  Few  megaloblasts. 

(/)  Few  or  no  normoblasts.  (  g)  Normal  percentage  of  poly- 

(  g)  Lymphocytosis.  morphonuclear  cells. 

It  has  been  thought  by  some  observers  that  the  absence  or  great 

'  Another  point  of  diflforence  emphasized  by  Grawitz  is  that  the  plasma  of 
pernicious  anaemia  has  a  rektively  larger  amount  of  solids  tlian  that  of  anae- 
mia secondary  to  the  al>ove  diseases.  This  is  hardly  a  clinically  applicable 
test,  but  is  said  to  be  u  vahiuble  one. 
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scaatiness  of  nucleated  corpuBcles  indicated  lack  of  any  effort  at 
regeneration  on  the  part  of  the  blood-making  functions  and  hence  a 
peculiarly  malignant  type  of  the  disease.     I  have  never  seen  oases 


in  which  nucleated  corpuscles  were  steadily  absent,  but  their  scand- 
ness  has  seemed  to  me  as  a  rule  to  be  associated  vith  a  more  slowly 
fatal  type  of  the  disease, 

Ko  significance  has  seemed  to  me  to  attach  to  the  presence  of 
larger  or  smaller  pei-centages  of  eosinophiles. 


Pernicious  aniemla. 


SerDodary  aoiFDila. 


RhI  cells About  l,Ofln.(iOO 

Wblle  cells UauaUs  dBcreased 

Msnioglobln...  Often  relallrelf  blgb. 

Hfjnlobluls...  Conalltule  tbe  maTorll 

I    of  tbe  Ducleiil«d  n 

NoriDoblula —  Leu  nuineroua  Uun  tbe 


RIze  ot  red  cells  Incrrased.... 
LympliwrteB . . .  lQrrea«ed.,.. 
Polyatorpbonu  •  Decreased... 

clear  cells.      I 
UrelocylM ComoiDn 


Uuially  Itii-ivased. 


To  illustrate  the  different  size  of  the  cells  in  chlorosis  and  per- 
nicious antemia  I  have  had  ])hotogTaph3  taken  of  the  blood  of  a  ease 
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of  two  of  these  diseaaea  and  of  nurmal  hlund,  ti/l  on  jtivcuwly  tho 
mmi:  smU'  (set  Figs,  30,  31,  32). 
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a.   KATAL  AN.€MIA    WITH  HYPOPLASTIC  MAKKoW. 
("  Aplnstlr  Ann-mill.") 

Ehrlich  reported  in  1888  '  the  t;aa«  of  a  girl  of  twentj-one,  witli 
cutaneous,  ut«riiiK,  buwal,  and  retiua!  bcmurrhageR,  which  ttausi-il 
death  within  thirty  days  fnnn  tht^  first  aympWm.  Blood  examina- 
tion showed  :ii;i,;ff>0  red  i*IIs  —small,  fairly  stained  forms  predomi- 
nating. Deformities  were  slight.  No  nurleated  red  cells  could  !« 
found  despite  many  liorirs'  search  before  and  after  <leath.  Leuco- 
cytes numbered  200  j>er  cubic  miUiiuetre— aii  asCouisliiug  leuco- 
]>eniik.  Eighty  per  cent  of  these  white  cells  were  lymjihoi^ytes 
and  6  per  cent  large  mononucleais,  leaving  but  14  per  cent  (or  28 
jwr  (iubio  millunetre)  of  jxdyniicU-ar  neutrophilic  cells,  lu  other 
words,  the  neutrophiles  were  reduced  to  about  -^^^  of  their  normal 
number,  while  tlie  lymphocytes  were  distinctly  tlinugli  less  mark- 
edly diminished.     Eosinophiles  were  wanting  altogether. 

The  great  diminution  in  red  cells  and  granular  leui-oeytcs  in  tlds 
case  suggested  to  Ehrlich  a  lack  of  compensatory  reaction  on  the 
part  of  the  marrow.  Autopsy  continued  this.  The  marrow  of  thi* 
femur  was  yellow  throughout  exce|)t  for  a  tinge  of  red  near  the 
lower  end. 

Similar  caites  have  lately  been  reported  by  Lipowski '  and  by 
Muir.'     In  these  as  in  Khrlich's  case  hemorrhages  were  prominent. 

The  rvd  cells  in  Muir's  case  were  not  increased  in  size  and  their 
number  was  reduced  to  800,000  and  the  hiemoglobin  to  II  per  cent. 
The  leucocytes  numltered  7,000  jter  cubic  millimetre,  but  only  'In 
per  cent  of  them  were  polynuclear  neutrophiles.  Eosinophiles  and 
blood  plates  were  entirely  absent.  Ko  nucleated  red  cells  could  lie 
found  in  the  blood,  and  only  one  or  two  in  the  marrow,  post  mortem, 
despite  long  and  cjuvful  search.  The  marrow  was  of  the  fatly  type, 
alinoat  whit«,  aud  contained  few  neutrophiles  and  tm  en*iiiujiJn7e«. 

In  Lii>owski*s  eune  as  in  Ehrlich's  and  in  Muir'M  tlie  dltwase  was 
dubbed  "  purpura  hiemorrhagica  "  owing  to  the  profuse  hemorrh^^ 
from  mucous,  serous,  and  cntaneoUH  surfaces.  The  red  cells  were 
2,112,000,  hiemoglnbin  was  18  i>er  cent.  Only  7  per  cent  of  the 
leucocytes  were  neutniphiles,  the  rest  lymphocytes.  Nucleat^-d  red 
cells  were  absent. 

'CliarltJ-Annnk-n.  IJH. 

■UF>w*kh  IhiU.  mill.  WiN-li..  taOU.  I),  840. 

'Miiir:  Bril.  M.il   J.mr  ,  IWKi,  |.   !i|0 
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8.  THE  BLOOD  IN  CHLOROSIS. 

This  has  been  already  described  for  the  most  part  under  the 
heading  of  Secondary  Anaemia.  In  many  cases  the  two  are  indis- 
tinguishable by  the  blood  examination  alone,  the  changes  consisting 
simply  in  the  presence  of  light,  small-sized,  pale,  more  or  less  de- 
formed red  cells  whose  number  may  or  may  not  be  decreased,  ac- 
cording to  the  severity  of  the  case.  Leucocytosis  is  rarely  if  ever 
present  in  uncomplicated  chlorosis,  but  is  often  absent  in  secondary 
ansemia.  Normoblasts  may  be  present  in  both.  The  chief  points 
of  distinction  aiv : 

(a)  The  red  cells  are  more  apt  to  be  uniformly  under-sized  and 
under-coloi-ed  in  chlorosis,  while  in  secondary  ansemia  we  more  often 
lind  normal  cells  among  the  diseased  ones. 

(ft)  The  color  index  may  be  lower  in  chlorosis  than  is  common 
in  secondary  anaemia,  and  this  lowering  is  more  constant  in  chlorosis. 

(c)  Absolute  diminution  in  the  number  of  polynucleai*  leucocytes 
which  is  very  c(mimon  in  chlorosis,  is  not  so  common  in  secondary 
ansemia. 

(d  )  Nucleated  corpuscles  are  less  common  in  chlorosis  than  in 
anaemia  secondary  to  malignant  disease. 

(f)  Coagulation  is  rapid,  in  contrast  with  the  very  slow  clotting 
of  pernicious  ansemia  aiul  of  many  secondary  ansemias.  Yet  fibrin 
is  not  increased.  The  increased  rate  of  coagulation  seems  to  be 
connected  with  the  marked  increase  in  blood  plates,  which  is  almost 
always  present. 

I'nhnnt'  and  Oxifijen  Capacity  of  the  Blottd. 

The  blood  volume  is  greatly  increased.  In  21  cases  with  haemo- 
globin below  50  i)er  cent  Smith  found  the  average  volume  4,88.S  c.c, 
or  over  one-half  gi-eater  than  the  normal  average  (3,240).  The  vol- 
ume is  increased  in  proportion  to  the  severity  of  the  disease.  Some 
cases  showed  0,400  c.c.  of  blood,  or  nearly  double  the  average.  At 
the  same  time  the  total  oxygen  capacity  (or  total  haemoglobin)  is 
approximately  normal,  averaging  over  95  per  cent  in  21  cases.  As 
the  specific  gravity  of  the  plasma  is  normal,  there  appears  to  be  a 
great  inci'ease  in  the  amount  of  normal  plasma.  If  we  wei*e  to 
imagine  this  excess  of  plasma  filteivd  off,  there  would  remain  (^./7., 
in  ('ase  X.  of  Smith's  series  with  (\,2iM\  c.c.  and  2,(U)0,000  red  cells) 
about  8,000,000  red  cells  j)er  cubic  millimeti-e.     Hence  Smith  con- 
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eludes  that  there  is  really  a  large  absolute  increase  in  the  nunil)er 
of  red  and  white  cells  disguised  by  an  excess  of  plasma.  Under 
treatment  the  oxygen  capacity  or  haemoglobin  is  not  realhj  increased, 
but  the  amount  of  plasma  diminishes — in  one  case  from  4,574  c.<». 
to  1^800  c.c.  If  confirmed  Smith's  results  will  revolutionize  our 
ideas  of  chlorosis. 

Tilt*.  1Uo(hI  in  Gross, 

Th(»  ])allor  of  the  drop  is  sometimes  excessive,  fully  as  great  as 
in  ]H»rnicious  aiuemia,  and  the  liquid  is  very  fluid  and  tliin.  Yet 
it  coagulates  very  rapidly  and  our  technique  must  l)e  prompt. 

Kki)  Cells  and  H.KMociLtiBix. 
(J  II  ft  n  t  Iff  1 1  Irt'   ( liii  ntji's, 

Ilayem  has  recorded  ciises  whose  count  was  jus  low  as  1,6(52,000 
and  even  y.'i7,tUK)  jHn-  cubic  millimetre.  Such  figures  are  certainly 
raiv  in  this  country,  and  the  striking  fact  is  usually  the  sl'ujht  nu- 
merical loss  of  red  (vlls,  <*onsidering  th(»  extreme  pallor  of  the  i)a- 
tieiits. 

The  lowest  count  in  the  Massachusetts  General  Hospital  series 
was  l,y;iL',000,  and  in  W.  S.  Thayer's  ()3  cases  l,yo.S,000.  The 
a4*com})anying  tables,  from  the  Massachusetts  General  Hospital 
n»cords,  show  the  range  of  red  cells  and  hiemoglobin  in  179  castas 
as  counti'd  when  the  patients  first  came  under  observation.  The 
liigliest  counts  (7,100,000  and  5,884,000)  are  undoubtedly  due  to 
some  temporary  stasis  or  concentration  of  the  blood. 

The  average  of  the  179  cases,  4,700,000  red  cells  jK»r  cubic;  niilli- 
metn»,  is  somewhat  higher  tlian  in  Thayer's'  series  above  referi-ed 
to,  the  average  of  which  is  4,096,544. 

The  average  haemoglobin  jwrcentage  of  this  series,  41.2  |)er(5ent, 
is  also  very  close  to  Thayer's  (42. .S  jH*r  cent).  This  gives  us  on  the 
average  a  reduction  of  the  corpuscle  substance  to  one-half  the  nor- 
mal, or  to  the  equivalent  of  2,250,000  healthy  red  cells;  95  of  the 
179  cases  have  4,000,000  or  more  i-ed  cells.  These  figures  do  not 
agree  with  those  collected  by  v.  Liml)eck,  in  which  only  99  out  of 
247  are  over  4,000,000.  l^it  this  probably  means  simply  that  in 
this  country  the  patients  s«»ek  medical  ad\n(;e  before  their  disease 
has  advanced  very  fai-,  while  in  Germany  they  wait  longer  before 

'  S<f  OsUt's  article  on  Chlorosis  in  tlie  **  American  Text-Book  of  Medicine," 
vol  ii.,  1894. 
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resorting  to  a  hospital.  For,  as  above  explained,  in  all  anaemias 
the  individual  corpuscles  suffer  in  quality  first  and  only  after  some 
time  tn^gin  to  decline  in  number.  This  is  especially  the  case  in 
chlorosis,  although  by  no  means  j)eculiar  to  that  disease. 

The  color  index  is  invariably  low,  as  seen  in  the  table,  although 
it  is  rare  to  see  it  fall  below  ..*{0.  In  only  four  cases  of  the  present 
series  did  it  go  below  that  figure,  the  average  being  about  .50. 

V.  Noorden'  found  that  the  color  index  was  especially  apt  to  be 
low  in  first  attacks  and  less  oftt^n  in  the  recurrent  or  habitual  cases, 
but  Ronil)erg,'"  in  a  study  of  one  hundred  and  seventeen  cases,  has 
not  found  this  true,  and  T  agree  with  Romberg.  One  of  the  lowest 
color  indexes  in  my  series  was  in  a  woman  over  fifty  who  had  a 
trulv  habitual  chlorosis. 


Tablk  VI. — Chlorosis. 


Red  (Y'lls. 
Between  7.0(X>.()(M)  and  8.(KK).(H)() 


Cases. 
1 


u 
u 
u 
u 
u 
u 


5.(MX).()(M) 
4.()(K).(M)() 
3.0(X>.()00 
2.(MM).(MK) 
1,(M)0.0()0 


7,(MM).(MH) 2 

«.()(M),(MM) 24 

r).(MM).0()() 68 

4,00().(MM) r)8 

8,()(K).0()0 25 

2,(H)().(MK> 1 


Average  of  these  179  eases  =  4,700,000 


White  rells.  Cas<»8. 

26,000 1 

Between  lo.OiMi  and  14,000 4 


14,000 
18.000 
12.(MM) 
11. (MM) 
lOJMM) 
i).(MM) 
8,000 


%^ 


u 


i4 


18.(MM) 2 

12.(MM) 8 

11. (XM) 11 

lO.(MM) 14 

9.(MM) 12 

8,<MM)    9 

7,(MM) 31 


White  cells.  Cases. 

Between  7,(MM)  and  6,000 29 

6.(M)0    "    r).(X)0 18 

5.(MM)    **     4.(HM) 15 

4.000    **     8.000 10 

8.0(M)    »*     2,0(M) 2 

2.(M)0    -*     1.000 2 


»t 


Average,  8,000 


168 


Per  Cknt  of  H.+:mo«lobin  in  Chlorosis. 


B(4ween  10  and  19  = 


u 

u 

a 
u 

u 


20 

40 
50 
60 
70 


u 


»( 


29  = 
89  = 
49  = 
59  = 
69  = 
1  = 


9  cases. 
82 
48 
88 
41 
14 

1  _;;_ 

183 


u 
a 
u 

a 


Average.  41  per  cent. 

""Chlorosis."  Wien,  1897  (Holder). 
«Bit1.  klin.  Woeh..  June  28th,  1897. 
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The  Rtrikiiit;  wjutraat  is  with  pemifious  luiit^uiia,  lather  tbaii  Wltli 
SfciiiidHry  luiituiiii.  In  the  furmfr  the  colur  index,  att  alxive  mvii- 
tioned.  averaged  1.04  in  (J8  cases.  In  secondary  auseiuia  it  U  al- 
most iklwaytt  below  1,  but  does  nut  areritijr  mi  luw  as  in  chlorosia, 
although  in  individual  cases  it  may  be  very  low. 

For  example,  Ost^rspey  quotcfl  a  ca.se  iif  gastric  oaocer  with  a 
blood  count  of  4,230,000  red  celln,  and  only  22  per  cent  of  htemu- 
gobin,  a  color  index  of  .2(i. 

(n)  The  stained  specimtn  shows  a  greater  or  less  degree  of 
jialliir  »f  the  rarjiutcU  renlrm  corresponding  ho  accurately  ti)  the 
diminution  in  hii'moglobiii  that  a  practised  observer  (sm  tell  approx- 
imately how  low  it  is  simply  from  the  stained  specimen.  The 
pallor,  however,  is  to  be  taken  in  contieetiou  with  the  jr/xr  of  tlie 
cells,  for  the  diminution  in  hiemoglobin  is  not  due  simply  to  a 
bleaching  out  of  thf  cellii,  but  to  their  loss  of  si/c.      Henw, 

(A)  Tilt!  •limtiiiiti'in  in  thr  iivrriigi'  i/iiimfler  of  the  iwlls  is  a  very 
imjHirtant  feat«in-.  In  the  eonvalest'ent  we  may  watch  the  gradual 
increase  in  the  average  diameter  of  the  r^lls  from  5.5  ,/  or  lower  up 
to  7.9,'i  or  even  8.2,-  (see  Appendix  C).  Both  in  this  rcsjiect  anil 
as  regards  the  bleaching  of  individual  c<>I1h,  many  eases  contrast 
with  most  se<umdary  antemias,  in  tliat  a  large  proportion  of  the 
iwlU  are  alfect^l  alike,  i.i'.,  are  Nmnll  and  pale,  while  in  seeondai'y 
anaemia  there  aiv  apt  tube  well-stained  aiul  goocl-siiied  or  over-sizMl 
wlls  in  every  field.  These  last  occur  also  in  chlorosis,  hut  lesn  fre- 
quently as  a  mie.  Henw  the  usually  lower  color  index  of  ehhiro- 
sis.  In  certain  cn«'s  this  distinction  does  not  hold,  and  the  two 
conditions  ar^-  identical  in  so  far  as  the  size  and  color  of  the  red 
cells  are  nmcenn-d. 

(f)  Df/'irmitieg  hi  tize  and  thn/if  are  very  common  in  alt  ad- 
vaiic)*d  caws,  but  ofteti  absent  in  niihl  or  moderate  ones.  They 
present  no  sficoial  {leculiarilies  except  that  macrocytcs  are  relatively 
rare  anil  mirnioyte.H  relatively  nminion.  In  the  severest  cast-s,  how- 
ever, the  u)aRToc3i-tes  begin  to  gvt  more  numerous  and  we  approach 
the  pictuiv  of  iM-riiioioUH  anaemia. 

{(/)  DfijrtiTiitirr  r/innyfn  (Maragllano,  see  jmge  HG)  an-  not 
common  but  are  (H-casionally  present  in  severe  cases, 

(*)  N«rlr<itril  tmI  rnrfiifrlm  are  rrrij  scanty  ewn  in  atlvau»'il 
cases.      Hayeiii    rie\er  saw   any,  but  most  observer*'  find   iheni  in 
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small  numbers  after  long  search.  They  are  almost  always  of  the 
normoblast  type,  but  megaloblasts  have  also  been  found.  In  four 
eases  of  my  series  normoblasts  in  small  numbers  have  been  found — 
never  more  than  one  hundred  and  twelve  per  cubic  millimetre.  I 
have  never  found  megaloblasts. 

The  scantiness  of  nucleated  red  cells  is  a  point  of  contrast  with 
the  ansemia  secondary  to  malignant  disease,  in  which  even  in  mildly 
ansemic  states  we  readily  find  nucleated  corpuscles,  while  in  chloro* 
sis,  even  in  severe  cases,  a  long  search  may  show  very  few  or  even 
none  at  all. 

Sperijic   Gravittj, 

Chlorosis  is  usually  agreed  to  be  one  of  the  diseases  in  which 
specific  gravity  and  haemoglobin  run  parallel,  and  as  the  inaccura- 
cies and  inconveniences  of  the  v.  Fleischl  instrument  are  so  great^ 
it  seems  to  the  writer  better  to  follow  the  specific  gravity  rather 
than  the  haemoglobin.  The  tables  on  page  41  (l^art  I.)  show  how 
the  inference  from  density  to  coloring  matter  can  be  made.  A 
specific  gravity  of  1030  is  not  very  rare. 

Whitk  ()KLL8. 

A,    Qiftnitltfttire   ChnngeH. 

Ceucocytosis  is  absent  in  uncomplicated  cases.  In  the  series  in 
Table  VI.  the  occasional  leu(»ocytosis  may  be  due  to  digestive  or  to 
a  variety  of  other  influences  (uterine  troubles,  etc;.),  which  could 
not  be  excluded. 

The  average  in  Thayer's  ^V^  cases  was  8,467 ;  in  the  present  series 
(see  Table  VI.)  it  is  just  under  8,000. 

As  in  |)ernicious  anaemia,  the  worst  eases  are  apt  to  have  leiuw>- 
penia,  and  as  improvement  progresses  the  white  rise  even  faster 
than  the  red  corpuscles. 

Thus  in  Romberg's  careful  study  of  117  cases,  24  cases  whose 
hiemoKlobin  was  under  40  i>er  wnt  had  an  average  of  r»,3.50  leuco- 
cytes j>er  cubic  inillimetre,  while  52  cases  whow  haemoglobin  aver- 
aged <»0  j)er  cent  had  an  avei-age  of  9,2a0  leuccK^ytes.  He  found 
the  average  in  healthy  ^irls  of  the  same  age  to  Ih^  9,008  whit«?  wdls 
per  cubic  inillimetre. 

The  absence  of  leucoijytosis  is  the  most  im|K)rtant  jKiiut  in  dis- 
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tinguisbitig  chlotosia  from  seoondaiy  ana-niia  ilut^  t<j  oamtr,  siippu- 
ratioii,  etc. 

if.    Quutilutire   C/mn'jai. 

LympkopiftmU  is  usually  present,  tut  in  pernicious  ansmia,  when- 
ever the  disease  is  well  marked,  antl  sometiuien  fveii  in  mild  i'ji«<-s. 
Thus  Rieder  found  in  IL'  casfs  an  average  of  'S'.i  per  eent  of  lympho- 
cytes, the  highest  pei*entagfn  being  fi^t.*,  4.'l.r>,  and  41.7.  Either 
the  flmall  or  the  largi-  Ijmi'hoi-ytcM  may  predominate.  In  my  own 
experience  it  has  usually  been  the  small  furma. 

The  ueutrophileH  suffer  pvoiwrtionalty,  their  lowijercentage  eou- 
trasting  often  with  that  of  secondary  auicmia  assmiiated  with  leu- 
coej-tosiB.  f^sinophiles  are  occasionally  increased.  In  Rieder's 
12  t'Ases  the  average  pereeuti^  was  .'l.ii,  the  highest  percentages 
being  9.6  and  7  iier  cent. 

Myelocytes  are  rare  hut  have  occasionally  been  olwerved  in  small 
numbers. 

J{.yrnrr',f-'"n    •■/  tif    Wood. 

As  the  patieotfl  begin  to  mend  under  the  influenc«  of  treatment, 
the  blood  chajiges  are  just  the  reverse  of  thoae  seen  duriug  the  de- 
velopment of  the  disease.  First  the  corpuscles  gain  iu  numbers,  the 
luemi^lobin  still  remaining  low;  later  and  much  more  slowly  the 
coloring  matter,  size,  and  weight  of  the  cells  are  renewed.  It 
seems  as  if  the  new-formed  cells  were  of  light  weight  and  had  to  be 
replaced  gradually  by  cells  of  normal  stature.  The  nucleated  cor- 
puscles and  deformities  disappear  and  the  leunocytes  shoot  Up  oftsn 
a  little  above  the  normal. 


They  are  usually  ( 


nsiderably  increased. 


Chtornxis  H-ithimt  Known  Blood  Ckanytv. 
Romberg  quotes  the   following   facUt:  Three   girls,  nineteeo, 
twenty,  and  twenty-tive  years  of  age,  came  to  him   with  typical 
symptoms  of  chlorosis.     Their  bloo<l  counts  showed: 

I.  Red  cells,  5,:!4fi,000;  Hb.,  80  per  cent. 

II.  "        "       5,376,000;     "      8:{         " 

III.  '•        "       4,408.000;     ■■      87 

All  improved  niarke<lly  under  ircm  tr-atment. 
I  mention  this  lieeause  1  have  seen  !<e\Tral  similar  caaea and  have 
heartl  of  others  from  eolleugiies. 
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Summary. 

1.  Blood  as  a  whole :  Very  pale  in  marked  cases,  very  fluid,  but 
coagulates  rapidly.  Fibrin  not  increased.  Specific  gravity  usually 
low,  running  parallel  with  the  haemoglobin. 

2.  Red  cells :  Average  4,000,000  the  when  patient  is  first  seen, 
very  rarely  go  below  1,000,000.  The  majority  of  them  are  small- 
sizedf  palCf  often  deformed.  Nucleated  corpuscles  are  rare  (normo^ 
blasts  as  a  rule). 

3.  White  cells  not  increased. 
Lymphocytosis,  occasionally  eosinophilia. 

4.  Blood  plates  increased. 

Dtaffnostic   Value. 

1.  The  points  of  difference  from  pernicious  anaemia  have  been 
discussed. 

2.  It  is  important  to  distinguish  it  from  simple  debility,  and 
from  cases  in  which  the  skin  only  is  anaemic ;  in  both  of  these  con- 
ditions the  blood  is  normal. 

3.  From  secondary  anaemia  it  may  be  indistinguishable  in  case 
the  latter  be  without  leucoc3rtosis.  When  leucocytosis  is  constantly 
present  and  the  percentage  of  polymorphonuclear  leucocytes  is  in- 
creased, chlorosis  (uncomplicated)  can  be  excluded.  Of  course 
many  of  the  complications  which  may  occur  in  chlorosis  are  accom- 
panied by  leucocytosis. 


CHAPTER  n. 


1.ELK.EMIA. 


The  distinction  betwepn  leukieiiiia  and  Ifiicocytosis  has  been 
Siiftii^iently  dwelt  un  above. 

The  blood  of  the  vast  majority  of  cusfs  of  leukwniia  falls  clearly 
uuder  one  or  tlie  other  of  two  diatinct  tyijea,  mt/rloid  on  the 
one  hand>  lymphiiiil  on  the  other.  Myeloid  blooti  is  fouixl  only 
in  rases  wjtb  great  hypertrophy  of  the  spleen,  marked  marrow 
changes,  and  little  or  no  enlargement  of  the  other  lyiuphatio  tisKiie, 
Such  i'*ae-s  are  usually  chrunii-  (two  to  tive  years).  Lymphoid  bloodf 
on  the  other  hand,  may  be  associated  either  with  at-ute  or  cbnniic 
fonns  of  the  iliwaw,  and  while  ui  al)  caaes  we  have  some  set  of 
lymphatic  glamls  enlarged  there  may  be  no  externally  vtnitilr  glands 
•■idarged,  and  the  spteeii  may  lie  as  big  as  in  t-ajws  <if  the  myeloid 
ty)ie.  The  diagnosis  of  leiikiemia  can  easily  be  made  by  the  blmid 
alone,  tint  we  cannot  say  from  the  bliMid  whether  or  not  the  spleen 
or  the  visible  lymph  glands  are  hype rtrnph led.  In  aeiite  oases  the 
lymph  gltuids  of  the  alimentitr>'  tjwt  (cervical,  fancial,  gastro- 
enteric, mesenteric)  may  be  the  only  set  involved. 

All  of  the  thirty-seven  canes  aasoeiated  with  myeloid  blood  which 
have  come  under  my  observation  have  run  a  chronic  course,  while  of 
tlie  c-anes  abovring  lymphwmia  seven  were  chronic,  live  aeute,  and 
tive  subacute.  All  the  myeloid  cases  had  very  large  spleens  with- 
out enlargement  of  visible  lymph  glaiiiUi,  but  thnn-  of  tlie  lym])hati(i 
case«  had  spleens  almost  tilling  the  alMJimien. 

The  disease  leiikiemia,  then,   is  aBHo«nat*'d  witli    two  types  of 

1.  Myeloid  blood. 

2.  Lymphoid  blootb 


LBUKiGMIA. 
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I.  MYELOID  LEUKiEMIA. 

The  drop  as  it  emerges  from  the  puncture  looks  somewhat 
opaque  in  color,  but  is  neither  whitisli  nor  chocolate  colored.  It 
flows  very  sluggishly,  however,  and  is  difficult  to  spread  between 
<jover-glasses  owing  to  the  masses  of  white  cells  contained  in  it. 
Coagulation  is  normal,  three  minutes  or  less  with  Wright's  coagu- 
lometer,  and  tibrin  is  not  incivased. 

llvAi  ("klls. 

Tn  the  earlier  stages  of  the  disease  there  is  no  anaemia.  Later 
the  diminution  in  red  cells  is  moderate,  averaging  about  3,120,000 
in  the  forty-seven  (*ases  of  Table  VII.  Toward  the  end  of  life 
the  count  of  red  cells  often  falls  below  2,000,000.  The  patients 
art*  nfff'/f  /tof  jffih'  and  may  feel  ] perfectly  w(dl.  The  haemoglobin 
is  usually  diminished,  the  color  index  being  alxmt  0.(>  in  my  cases. 
It  is  difficult  to  read  the  v.  Fleischl  instrument  in  leukaemia,  as  the 
presenc*'  of  so  many  leucocytes  gives  a  muddy  tint  to  the  liquid^ 
not  easy  to  ciaupare  with  the  rt»d  of  the  glass. 


Taiilk  VII. — Lkik^imia. 


N<».               ' 

iiwi  <t»n.M. 

1 

No. 

White  tvim. 

1 Highcsl. 

r),(HM),(K)0 
4,H77.(KX) 
4,H<H),U()0 
4.r)y2,U<K) 
4,2H8.(KK) 
4,140,(MM) 
4.010.000 
:j.7r»0,0(M) 

;m;h.y  570 

1 

o 

Ilighi'st. 

1  ()T'>  **•>*> 
9S0  000 

3 

y 

^<20  (MK) 

4 

1        «.•.••••• 

4 

5           .    . 

800  (MK) 

5 

750  (XM) 

« 

« 

74H.(HM) 

< 

i 

710.(MM) 

K 

i)      

1         ..••.      •••.... 

H 

9 

(;50.(MK) 

r»30  (;(N> 

\{} '     O.  Ill  li).(MM) 

10 

570  (NN> 

II 

H.4(N).(KN) 

11 

5(M)  (HK^ 

V2  

;rL>»2(MM> 

13 

4i»3.(MM) 

i:j       .     ... 

'A  'HH)  (MMl      1 

'  i:{    

454  (N)0 

14 ! '  3.1T(),(MH) 

14 

458. 0(N^ 

I.')             .                            :n)i)(HMM)    i 

15 

44s.(NM> 

U\ 

:j,oso.o(M) 

16 

4;)0.(NN> 

17 



:j.0*20.(MM) 

:t  07s.<MN) 

17 

43S.(MM> 

IS 

IS 

405  (HHr 

IJi 

;101().<MM) 

•J.JMiOjKM) 
'J.l».V2.n(M> 

\\) 

4(M).0(M) 
3{M  (NX) 

•20 

20 

'Jl 

31 

;{S<;.(NN) 

oo 

807.(NK> 

........ 

2:J 

340.(K)O 

11 
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Table  VII.— LKrKiKMiA  {Continued). 


No. 

R^c'elb. 

No. 

White  celb. 

24 

2.021.600 
2.868.<MN) 
2.702.000 
2.788.000 
2.715,000 
2.706.000 
2.576.000 
2,520.000 
2.5(K).00O 
2.:«2.2>2 
2.JJ2O.000 
2,256.000 
2,140,iHM) 
2.112.(MM) 
2.060.(M)0 
2.016.0(N) 
2.010.000 
1.866.664 
1.756.000 
1.420.(HH) 
1.8H4t.<NM) 
1.85H.(NM) 
1.200.(MN) 
408.<KM) 

8,181.000-1- 

24 

824.  (K)0 

25 

25 

820.000 

26 

26 

200.  (MM) 

27 

27 

. 

200.000 

28 

^••••* 

28 

260.000 

29 

20 

260. 0(N) 

80 

80 

248.(H)0 

81 

...   .... 

81 

220. 5<M} 

82 

82 

218.0(M) 

88 

88 

JW 

1HH.(M)0 

84 

186.0(M) 

85 

.  85 

laH.(MN) 

86 

86 

175.NN) 

87 

87 

170.0(N) 

88 

88 

141.(N)0 

89 

80 

180.(S0O 

40 

40 

i:)8.<MM) 

41 

41 

184.400 

42 

42 

48 

182.0<M» 

48 

lll.mN) 

44 

44 

I»wost. 

08.0(N) 

45 

46 

AvfiUKt*  =  428.(MH) 

47 

IjOweHt. 

I 

Qunlitatlre   Chatitjes, 

The  striking  i)oint  is  the  presence  of  i^ery  numeroua  nur/fatt^i 
Tfd  n'lUy  even  in  the  absence  of  ///*//  aifjti  of  nmpmin.  With  over 
4,000,000  well-formed  and  well-colored  red  cells,  we  may  have 
hundreds  of  erythroblasts  in  every  cover-glass.  They  an*  as  nu- 
merous in  this  form  of  leukaemia  as  in  the  worst  forms  of  i)ernicious 
anaemia,  even  though  the  {mtient  may  be  feeling  nearly  well.  In 
Taylor's  cases  there  were  ten  with  10,000  or  less  of  the  nu<'leated 
red  cells  \wr  cubic  millimetre,  thn»e  with  10,000  to  20,000,  and  two 
between  r>0,000  and  70,000.  One  showed  cmly  .S(K)  per  cubic'  milli- 
metre. 

Hoth  normoblasts  and  megaloblasts  may  be  seen,  but  in  most 
cases  the  latter  are  in  the  minority.  Many  of  the  nonnoblasts 
show  fragmentation  in  their  nucrlei,  and  <K*(!asionally  ti-ue  karyoki- 
netic  tigun»s  are  seen.  In  the  juuemic  ca.ses  we  find  all  the  other 
changes  in  the  red  cells  characteristic  <»f  amemia,  but  the  nucleated 
jvUs  an*  almost  alwavs  more  prominent  than  in  anv  otluT  form  of 
anaemia  of  a  like  severity.     This  shows  that  nuch»ated  corpuscles 


PLATE  IL 

Pig.  1. — Britli  thband  Pig.  2  are  tnteDded  to  be  fac-«imiles  of  actual  micro- 
•copfc  tieldM. 

Un  Note  the  <*!!  between  those  Ulielletl(*au(l  9 — apparently  a  "niastcen." 
ttucli  celbi  are  often  seen  in  this  form  of  leukieuiia.  With  Ehrlich's  stain  thev 
prewnt  tbii*  apiMnraiice.  Basic  •(tain^  brin^  out  ctmrse  blue  granules  in  the 
periphery  r»f  thf  pnitoplasm. 

(h)  \ote  al'Mi  the  c«*ll  at  the  extreme  up]>er  right-haml  comer  of  Fig.  1. 
which  it  i*4  nhiMM  imposKit)!*-  to  rlassify  either  as  a  niyel«K*yt«'  or  as  a  poly* 
roorphfinuclenr  neiitn)phile.  simi*  it  ajf/>fitim  u*  \n'  intemie(liat4-  Itetween  the 
tm'o  vari<'ti('*> 

(/*)  Botli  tlie  nucleated  ccjrpuscles  are  normoblasts:  9  has piilycliromatophilic 
pmtitpkiRm.  The  re<l  ^'ells  show  8carc<»ly  any  deformitirs  and  ver>-  sli>rht  <le- 
flciency  in  <*«>loriuff  matter. 

Fio,  2. — 1*1)  Note  the  <leformities  in  size  and  slm[»eof  reil  o^rpuscles.  owing 
to  tlu'  anH'mia  present. 

(fj)  No  lyniplKK'yt4*M  are  tigureil.  a>  they  made  up  only  two  per  cent  of  the 
white  eells  in  this  cast*.     l*>Minophiles  wen*  al>sent. 

(/•)  Noti*  tliat  the  contract  lietwtiMi  this  tigun*  <leucocyt06i8)  and  the  one 
al»ove  it  (leiikiemia)  is  iu»t  in  the  abundance  of  white  cells  but  in  the  kind  of 
white  (X'll  pn^iominating  among  those  pres(*nt. 


Examination  of  the  Blood. 


n^nn  I  -^  aplenlc-myelogeDODa  LenuemU 
ngazt  n  ~  LcniKiOTtoili  <cui**r  of  Jddiwy) 
Oalli  aUlDcd  yellow  ^  Ked  eorpusolvs 

1,  E.  3,  4  1.  5  »  PnlyraarpboDualMi  ncutrophU« 

g  =  Lympboojle 

T  *.  &  ^  BoalDOtUlM 

»  a.  10  -  NBBlUUd  red  corpuolei 

Ail  atha>  -^   MyslrHyte* 


'*:^A  'V 


Cell*  ilalncd  yellow  -^  Ked  corpnsclei 

Folymotpho- 

nMtrophller 


^ 


^#•2 
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are  not  to  be  thought  of  as  evidence  (like  deformities  in  shape)  of 
regenerative  or  degenerative  conditions  only.  A  si)ecial  connection 
to  the  wide  circulatory  channels  of  leukaemic  marrow  is  very  clearly 
indicated,  all  the  more  so  as  in  the  lymphatic  form  of  the  disi*ase 
in  which  the  bone  marrow  is  much  less  affected,  nucleated  corpus- 
cles are  much  less  numerous,  appearing  in  relatively  small  numbers 
in  the  very  acute  aniemic  cases  and  not  at  all  in  those  which  art*  not 
anaemic.  The  protoplasm  of  the  erythroblasts  is  usually  i>oly(?hro- 
matophilie,  contrasting  in  this  resjx'ct  with  the  acidophilic  proto- 
plasm of  embryonic  and  infantile  erythroblasts. 

The  variations  in  size  and  shape  correspond  to  the  degree  of 
anaemia  present;  occasionally,  i.e.,  in  cases  seen  early  in  the  course 
of  the  disease,  the  red  cells  are  quite  normal. 

As  the  count  of  the  white  cells  rises,  that  of  the  red  may  fall, 
and  vice  versa  ;  or  the  red  c^Us  may  remain  at  a  comparatively  high 
figure  despite  the  progress  of  the  white. 

White  Cells. 

Quantitative    Chanfjes. 

The  average  number  per  cubic  millimetre  in  the  forty-four  cases 
of  Table  VII.  (the  lymphatic  cases  being  excluded)  was  438,000 
at  the  time  when  the  cases  first  came  under  observation.  The  high- 
est count  in  this  series  is  1,072,222  and  the  lowest  98,000. 

Among  the  older  recorded  cases  ai-e  some  in  which  the  white 
cells  were  said  to  be  more  numerous  than  the  i*ed.  The  average 
ratio  in  my  series  is  about  one  white  to  seven  red.  The  highest 
ratio  is  1 : 2,  and  the  lowest  1 :  o7.  It  is  best  to  use  the  **  red 
counter  "  with  a  dilution  of  1 :  200  in  counting  the  white  cells,  other- 
wise they  are  often  too  crowded  for  convenience.  Hayek  '  has  shown 
that  the  count  of  leucocytes  may  vary  enormously  in  a  very  few 
hours;  f.y,  10  a.m.,  122,500;  4  p.m.,  235,000;  or  again,  10  a.m., 
730,000;  4  p.m.,  547,500. 

In  the  fresh  specimen  we  notice  that  a  large  proportion  of  the 
white  cells  are  but  slightly  amoeboid,  a  point  of  marked  contrast 
with  leucocytosis,  in  which  the  leucocytes  are  actively  amcelH)id. 
This  is  due  to  the  fact  that  the  myelocytes  which  form  so  large  a 
portion  of  the  leucocytes  in  this  disease  possess  little  power  of 
amoeboid  motion. 

'  flavek:  Wien.  kltn.  Woch..  1897.  No.  20. 
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With  or  without  the  iiiflueiip«  of  thfrapeutic  af^nciett  or  after 
spleiipctomy  the  whit*'  cells  may  fall  Bradually  to  iioniial  and  re- 
main thcn>  for  sonic  time.  The  patient'fl  HymptuinH  may  Himulta- 
ueoiiHly  ameliorate,  or  tliei-e  may  be  no  improvement  but  rather  the 
reverse.  Much  a  vmv  oeeurred  nnrter  my  obBervatiuii,  and  the  pa- 
tient, a  washerwoman,  went  back  to  work  and  afterward  paused 
thvou){h  an  attack  of  lobar  pneumonia  in  nafety. 

At  such  a  time,  when  no  increase  in  the  white  eelltt  is  present, 
we  8lioul<l  never  8nsi)eot  leukiemia,  seeing  the  ease  for  the  first  time, 
unle.ss  we  chance  to  make  a  differential  count;  then  the  rhai-act«r- 
istic  ipialitative  changes  (see  l)elow)  may  be  foimd,  or  the  blood 
may  lie  wholly  iioii-leukiemic,  aa  in  a  case  recently  reimrted  by  Mc- 
Crae,  and  in  a  similar  case  slides  from  which  were  recently  shown 
me  by  Martin. 

QlIAI.lTATlVK   ChANHKH. 

/.   Miif/iifiiti-x. 

The  enormous  number  of  myelocytes  is  the  chief  point  of  inter- 
est. The  average  m  my  'M  cases  was  .'W  [)er  (rent  (see  Table  VIII.), 
rising  ill  i me  ease  as  high  asii.'tper  cent  audoiily  thrice  falling  lower 

than  20  jht  cent. 
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Taking  the  average  total  number  of  leucocytes  as  348,000  per 
cubic  millimetre,  the  absolute  number  of  myelocytes  averages  over 
120,000  per  cubic  millimetre.  So  far  as  I  am  aware  the  highest 
count  of  myelocytes  in  any  other  disease  is  that  mentioned  on  page 
393  in  a  case  of  malignant  disease,  namely,  4,514  per  cubic  milli- 
metre.^ The  contrast  is  sufficiently  striking.  I  wish  to  insist  upon 
this  point,  namely,  that  the  blood  of  myeloid  leukaemia  is  absolutely 
}>e<!uliar  and  characteristic,  and  could  not  possibly  be  confused 
with  that  of  any  other  disease.  Certain  writers  of  late  years  have 
concluded  that  because  myelocytes  do  occur  in  a  great  variety  of 
diseases  other  than  leuksemia,  therefore  there  is  nothing  peculiar 
about  the  blood  of  the  latter  affection.  It  would  be  as  logical  to 
say  that  because  albumin  and  casts  occur  occasionally  in  the  urine 
of  persons  ])ractically  well,  therefore  there  is  nothing  characteristic 
about  the  urine  of  acute  nephritis. 

At  the  first  glance  the  stained  specimen  of  leuksemic  blood  seems 
to  be  composed  mostly  of  myelocytes,  but  this  is  because  they  are  on 
the  average  so  much  larger  than  the  other  forms  of  white  cells,  which, 
being  packed  away  in  the  interstices  between  the  large  myelocytes, 
do  not  apj)eai*  prominently  at  lirst  sight. 

Although  (as  just  mentioned)  the  average  size  of  the  myelocytes 
is  greater  than  that  of  any  other  kind  of  leucocyte,  thei*e  is  a  great 
range  of  variation  in  their  size,  and  some  are  hardly,  if  at  all,  larger 
than  a  re<I  cell.  (This  is  equally  true  of  the  myelocytes  as  seen  in 
the  bone  marrow.     See  above,  page  71.) 

The  individual  characteristics  and  variations  in  the  myelocytes 
have  been  already  suiticiently  described  on  page  69. 

i^.    Fol ijmorphonudent*  Cells, 

Absolutely  the  number  of  these  cells  is  gi*eatly  increased,  al- 
though the  number  in  each  1,CK)0  leucocyt-es  is  (Considerably  dimin- 
islied.  The  ac^tual  nimiber  \y^v  cubic  millimetre  averages  over  200,- 
(>()()  in  my  series,  and  in  all  but  one  of  Taylor's  17  there  were 
r>r>,000  or  more.  Tht?  average  i>ercentage  in  the  thirty-six  cases  of 
Table  Vlll.  is  46,  the  figures  ranging  l)etween  17  and  72  per  cent. 

The  individual  cells  show  a  mueli  greater  range  of  variation  in 
size,  staining  ])roperties,  and  the  size  and  shape  of  the  nucleus  than 
in  any  other  condition.      In  most  forms  of  leiicooytosis,  for  example, 

'  Taylor  reports  u  gai>tric  (.amiT  with  4,2^5  per  cubic  millimetre. 
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one  polynuclear  cell  looks  very  much  like  another,  but  in  this  form 
of  leukaemia  we  are  often  stnick  by — 

(a)  Vt*iry  small  cells  or  cenj  large  cells  (4/i  to  20 /^i  in  diameter). 

(b)  Dark  stained  or  very  jmle  stained  cells. 
(/•)  Unusual  shapes  in  the  nuclei. 

(d )  Variations  in  the  size  and  staining  of  the  granules.  While 
normal  polynuclear  cells  have  granules  nearly  of  one  shade,  the 
leukaemic  polynuclear  cells  have  granules  varying  from  yellow  or 
])ink  to  purple  or  blue.  Their  size  also  varies  greatly.  Taylor 
found  some  as  large  as  eosinophilic  granules. 

Besides  these  variations  we  often  see  cells  apparently  belonging 
to  this  tyjx?,  Imt  whose  protoplasm  shows  no  color  or  granulation 
whatc»ver.  Other  cells  show  a  few  granules  sctattered  about  against 
a  i)erfectly  white  background.  Such  (rells  may  contain  basophile 
granules  beside  the  neutrophile. 

(e)  There  ai*e  always  some  cells  on  the  Iwrder-line  between  the 
])olymorphonuclear  and  the  myelocyte,  and  in  regard  to  which  de- 
cision must  l)e  arbitrary.  I  have  lately  l)een  in  the  habit  of  classi- 
fying such  cells  as  Transitional  Neiitrnphiles,  Similar  cells  are 
found  in  lejicocytotic^  and  ana^mic^  bl(K)d  (see  page  110). 

'i,   Ly niph  onfte^s . 

In  j)ercentages  the  lymphocytes  ai*e  reduced  from  their  normal, 
20  to  .'iO  j>er  (tent,  to  an  average  of  10.(5  per  cent,  as  in  leuc(K^ytosis. 
But  still  if  wt»  class  together  large  and  small  fonns,  their  absolute 
numl)er  is  always  increased.  Thus  the  lowest  jiercentage  present 
ill  Table  VI II.  (namely,  two  j)er  cent)  would  mean  8,7()0  out  of  the 
average  4.*^, 000,  the  total  leucocyte*  (!Ount  ix»r  cuy)ic  millimetre,  and 
8,7r>0  is  three  or  four  times  as  many  lymphocyt<»s  i)er  cubic  milli- 
jiietn*  as  an*  present  in  normal  blood. 

The  proportion  of  large  and  small  forms  among  the  lymphixjytes 
varies  a  great  deal.  Scmietimes  the  small  lymphocytes  in  this  form 
of  leukiemia  do  not  differ  from  those  of  normal  blood  either  inabso- 
lut4*  numl)er  or  in  tyi)e,  but  in  most  cases  we  find  large  numl)ers  of 
the  following  atypical  varieties : 

{a)  Large  lym])hocytes  with  a  pmtoplasm  so  darkly  stained  that 
it  is  difficult  to  distinguish  tlieni  from  myel(K*ytes.  Indeed  in  simie 
<*asi*s  when  hints  of  a  granular  l<M)k  apiH*ar  in  the  violet-stained 
rim  we  find  it  inipossil)h*  Xi\  Im»  sun*  whether  we  are  dealing  with  a 
large  lympliocytt*  or  a  myelocyte.     The  {NM'sonal  equation  alone  de- 
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cides.  These  cells  are  not  peculiar  to  leukaemia.  TUrck  has  de- 
scribed them  (under  the  name  of  "  Reizunijsformen  ")  in  most  infec- 
tious diseases,  and  I  have  often  seen  them  in  the  blood  of  malignant 
disease  and  of  pernicious  anaemia.  Taylor  and  Weil  class  them 
as  myelocytes  without  granules. 

(b)  Cells  like  lymphocytes  except  that  they  contain  from  thi-ee 
to  ten  widely  separated  granules  of  one  or  more  varieties  (basophilic, 
acidophilic,  or  neutrophilic). 

^.   Eosinophiles, 

Like  all  the  other  varieties  these  are  absolutely  much  increased. 
Relatively — by  percentages — they  may  or  may  not  be  so.  In  my 
series  they  ranged  from  1  to  19  per  cent,  averaging  5. 1  per  cent,  a 
slight  increase  over  the  normal. 

Many  writers,  wrongly  interpreting  Ehrlich's  observations  on 
this  point,  have  stated  that  an  increased  percent  a  (je  of  eosinophilic 
cells  was  the  distinguishing  mark  of  leukaemia,  and  even  recent 
writers  (e./y.,  Gilbert,  Strtlmpell)  continue  to  repeat  this  false  state- 
ment. 

The  cell  fiiost  characteristw  of  ifplenicinyelogenous  leuk(emia  is 
not  the  eosinophile  but  the  myelocyte.  Nevertheless  eosinophiles  are 
enormously  increased  absolutely  and  this  fact  may  be  of  great  diag- 
nostic value.  In  a  case  of  cancer  of  the  marrow  with  anaemia  and 
leucocytosis  Epstein*  found  large  numbers  of  myelocytes  and  nu- 
cleated red  cells  but  no  eosinophiles.  The  absence  of  eosinophiles 
in  this  case  sufficed  to  exclude  leukaemia. 

We  distinguish  several  types  of  eosinophiles  in  leukaemic  blood. 

(a)  Ordinary  (polymorphonuclear)  eosinophiles. 

(b)  Eosinophilic  dwarf  cells  and  giant  eosinophiles.  In  some 
of  these  the  granules  are  also  huge— even  2  ii  in  diameter  (Taylor). 

(c)  Eosinophilic  myelocytes. 

(a)  Needs  no  comment;  (/>)  is  simply  a  very  small  cell  with 
eosinophilic  granules ;  sometimes  such  cells  are  not  over  5  /*  in  di- 
ameter. They  are  not  uncommon  in  this  form  of  leukaemia  and  are 
very  rare  in  any  other  disease.  The  same  is  tixie  of  (^•),  the  eosino- 
philic myelocytes  which  are  very  rare  in  any  other  disease,  except 
pernicious  anaemia,  in  which  they  are  occasionally  seen. 

These  cells  are  like  myelocytes  except  that  their  granules  are 
eosinophilic  instead  of  neutrophilic  (see  Plates  I.  and  II.).     They 

^Epstein:   Zeit.  f.  klin.  Med..  1896,  vol.  xxx. 
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ar<>  found  in  the  maiTow  in  considerable  numbers  and  may  con- 
stitute the  majority  of  the  eosinophilic  cells  in  this  form  of  leu- 
kiemia.  Occasionally  we  see  eosinophiles  with  a  few  basophilic  or 
neutrophilic  granules  as  w^ell.  Eosinophilic  myelocytes  are  of  con- 
stant occurrence  and  gi*eat  diagnostic  value  in  leuksemia.  In  no 
other  disease  are  they  equally  numerous.  Their  size,  like  that  of 
the  neutrophilic  myelocytes,  varies  from  8  to  25  /i  diameter. 

(//)  The  lymphocytes  may  contain  basophilic  granules  as  in  any 
ordinary  blood. 

(A)  The  baso])hilic  or  amphoteric  tendency  of  the  granules  of 
some  of  the  myelocytes  has  been  already  described  (p.  09). 

(<•)  **  MttHtrt*! It'll  "  or  coarsely  granular  l)asophiles,  usually  with  a 
trilobed  nucleus,  ai-e  almost  always  to  be  seen  in  specimens  stained 
with  thionin  or  methylene  blue.  With  the  triple  stain  their  proto- 
plasm is  nearly  unstained,  but  usually  a  number  of  round  wh  ite  spots 
v'Aw  Ije  made  out  against  a  faintly  stained  background.  These  are  the 
basophilic  granulations.  Mast  cells  make  up  from  one  to  ten  j)er  cent 
of  the  leu(MKjytt*s  in  most  cases  of  myelocytsemia.  Ehrlich  states 
that  they  are  always  present  and  greatly  increased  in  such  cases, 
but  my  experience  and  that  of  Taylor  do  not  ccmfirm  this.  In  2 
■of  Taylor's  11  cases  mast  cells  were  absent.  On  the  other  hand, 
one  of  his  ca.ses  showed  over  140,000  mast  cells  i)er  cubic  millimetre 
(10  \wv  cent),  and  it  is  undoubtedly  true  that  "an  excess  of  mast 
cells  is  one  of  the  most  trustworthy  signs  of  myelogenous  leuksemia. " 
Their  granules  are  not  purely  basic  but  metaehromie. 

a,    AfifftHf'^. 

Leucocytes  showing  mitosis  are  very  rarely  found  in  leuksemic 
blood  and  play  a  negligible  part  in  the  increase  of  the  circulating 
leucocytes.     They  have  no  value  in  diagnosis. 

7.  Polymorphous  Condition  nf  the  IVoml. 

Weiss  has  rightly  insisted  on  the  fact  that  in  this  type  of  leukae- 
mia the  blood  preparations  show  a  very  pobfviorjthovs  condition. 
Then*  are  no  fixed  types,  but  every  variety  shades  through 
intt*rmediate   forms  into  some  other   variety.     No   two   cells   are 
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&11ki3.  I'reciHely  the  sune  (.■oiiilitioiis  obtain  in  tli<'  iinnual  mamnv, 
ajiil  we  fan  swimely  resist  the  ijnj)i-e8«ii)n  that  in  thin  fona  of  leu- 
kieuia  we  nee  in  the  blood  untiuitthed  ii'tls  of  various  kinds  which 
usually  do  not  appear  in  thp  ciix-ulatin);  blood. 

An  ( 'harcot-Tjfyden  crystals  have  no  dia^ncstie  value  and  are  not 
pei-uliai'  to  any  discaee,  no  description  of  them  will  be  jjiveii  here. 
They  ap|»ear  to  be  present  wherever  e<»tiiiiiphiles  arc  plentiful,  r.if., 
in  asthma,  gonorrhoea,  in  tlif  bone  marrow,  etc. 

I>iiriiip(  remissions,  when  the  lemwyt*  count  imiy  fall  to  normal, 
the  jiercentage  of  myclo<'ytcs  usually  remnius  large  and  the  diagnosis 
could  thus  Iw  made  even  if  we  saw  the  case  then  f<)r  the  first 
time.  This  I  havi'  oKserved  in  two  cases,  and  Thayer  and  Taylor 
have  hat!  the  same  exi>erience.  But  ciecasionalty  inyelocyt«H  and 
all  other  c\*idence  ot  Icnkiemin  disapiicar,  and  diagnosis  in  xueh  re- 
missions is   impossible.     Mct'rai?  and   .Martin   have  studied   such 


II    LYMPM.OIIA  ^ 

(L;/ni/'iiiitir   l.riikniHKi.) 

Although  Fraenkel  once  maintained  that  all  cases  of  lymphatic 
leuktcjuia  are  acute,  and  that  thei-efore  the  difference  between  the 
various  forms  of  the  disease  rej*ts  simply  on  the  rapidity  of  the  proc- 
ess in  tlie  blood  and  clinically,  there  is  no  tloulit  that  chronic 
lymphatif;  leiUtiemia  exists, 

Fraenkel  was  enabled  to  maintain  his  position  only  by  extending 
the  term  unitf  to  cover  all  cases  in  which  sym|itoms  lasted  not  more 
than  four  months.  Six  weeks  is  the  limit  agreed  u]x>n  by  most 
other  observers. 

The  writer  has  watched  seven  cabbh  of  typical  lymphatiw  leuke- 
mia for  ]MTioils  of  from  w-ven  months  tu  three  yenrK.  In  one  th« 
nympt^ims  were  very  mild,  and  the  patient  came  over  thirty  miles 
from  time  to  time  to  re|Kirt  at  the  Out-Patieiit  department.  Hia 
bliMxl  showed  little  variation  from  the  following  figui^es:  Red  cells, 
2,.%0,88G;  whiU- crllK,  I11',000. 

The  differejitial  count  always  showed  the  overwhelming  majority 
(over  ninety  |>er  cent)  of  small  lymiiluM'yb-s  I'haraeteristic  of  the 
disease.     The  lym|ih  glandn  were  all  mnch  enlarged,  the  spleen  jnst 
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(a)  Chronic  Lymphtmnia  with  Excess  of  Small  Lymphocytes. 

One  polymorphonuclear  cell  is  present.  All  the  rest  are  lymphocytes  and 
exemplify  the  variations  in  the  morphology  of  the  cell  occurring  m  this  and 
other  diseases  as  well  as  in  health,  e.g.,  variations  in  the  staining  of  the  proto- 
plasm and  nucleus,  indentaticm  and  even  division  of  the  nucleus. 

Note  that  the  scale  of  the  whole  of  Plate  III.  is  larger  than  in  the  other 
plates  (see  scale  of  u). 

{b)  AntU  Lymphiwmia  with  Excess  of  FAirge  Lymphocytes. 

Note  the  lack  of  chromatin  in  both  nuclei  and  protoplasm  of  large  lym- 
phocytes. The  plasma  around  them  or  their  extreme  edge  took  most  of  the 
stain.  The  brown  tint  of  the  rt»d  cells  is  due  to  underheating.  Compare  the 
colors  with  those  in  the  figure  above  (a)  in  which  the  preparation  was  prop- 
erly heated. 
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palpable.  The  patient  kept  about  his  work  as  a  gardener  for  over 
two  years.  Another  in  an  active  wine  merchant  was  wholly  unat* 
tended  with  symptoms.  The  patient  first  sought  adWce  for  the  un* 
sightly  glands  in  his  neck.  He  continued  to  feel  absolutely  well 
and  to  work  hard  until  life  was  suddenly  cut  short  by  an  attack  of 
pneumonia.  I  watched  his  blood  for  three  years,  and  it  always 
showed  typical  lymphsemia  without  ansemia.  Grawitz  has  watched 
a  similar  case  for  over  four  years. 

The  blood  of  acute  lymphsemia  differs  as  a  rule  in  many  cases 
from  that  of  the  chronic  types.  These  differences  will  be  referred 
to  later  on. 

Red  Cells. 

The  count  of  red  cells  is  often  somewhat  lower  than  in  the 
splenic-myelogenous  form  of  the  disease,  averaging  3,(500,000  in  my 
cases.  In  acute  cases  it  is  usually  very  low  and  the  ansemia  pro* 
gresses  rapidly.  In  the  infantile  cases  collected  by  McCrae,  the 
highest  count  was  2,350,000.  In  chronic  cases  the  red  cells  behave 
about  as  in  myelocythsemia,  except  as  regards  nucleated  forms. 

The  chief  point  of  interest  is  the  cnmpuratire  rariti/  of  uurleated 
red  rellsy  the  abundance  of  which  is  so  marked  a  feature  of  splenic- 
myelogenous  leukaemia.  They  may  follow  the  grade  of  aiuemia 
present.  In  other  cases  (as  in  one  vei)orted  by  ^lc(^rae)  nucleated 
red  cells  ai*e  entirely  absent,  despite  a  reduction  of  the  i*ed  cells  to 
1,<)80,000.  In  the  eleven  cases  in  infants  collected  by  Mc(Vae, 
there  were  no  nucleated  red  cells  found  in  seven.  In  acute  cases  the 
ninnber  of  nucleated  forms  is  often  greater  and  may  be  as  great  as 
in  myeloid  leukaemia.  Two  cases  recently  reported  by  Herrick  * 
exemplify  this. 

White  Cells. 

Quayititative  Changes, 

As  a  rule  the  numerical  increase  is  not  so  marked  as  in  the 
splenic-myelogenous  fonn.  The  average  ratio  of  white  to  red  cells 
is  about  1 :  50  instead  of  1:7,  and  we  rarely  see  cx)unt8  reach  the 
height  common  in  the  other  form  of  the  disease.  The  highest 
count  of  my  series  was  1,480,000  at  the  patient's  first  visit,  and  the 
lowest  30,000,  the  average  being  350,000  as  compared  with  4:^,000 
in  the  myeloid  leukKMnia.  These  figures  refer  to  uncom])licated  cases. 
'  Journal  of  the  ^Vmericau  Medical  Association,  July  24th,  1897. 
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Qmilitiiti-f   Clfni'jrx.                                              ^H 

1.  Liiniphoriih-x  (small  forms,  liirgf  forms,  or  a  mixture)  make    ^H 

up  usually  over  ninety  i>er  cent  of  all  the  leucocytes  present.     la    ^^| 

some  cases  they  are  all  nearly  of  one  size,  while  in  others  we  find    ^H 

every  gratlation  from  the  smallest  to  the  largest,  so  tlint  it  is  &hw    ^H 

Intely  futile  to  attempt  to  wiMirah-  them  into  "large"  and  ■'small.'*    ^H 

Four  of  my  eases  were  made  up  wholly  of  the  small  forms,  all  tiiidur   ^^H 

lO-i  ill  (iiameh-r,  two  were  eom|iosed  largely  of  forms  over  10/.  in    ^H 

Tablk  IX-— Lvmpmatu-  Leik^kmu.                                    ^H 
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In  acub'  cases,  in  which  the  large  cells  usually  predominate,  the 
staining  is  aitun  very  faint  throughout  the  nucleus  and  protoplasm 
(Hee  Plate  111.,  ^>),  so  that  at  tirst  sight  we  should  think  something 
was  wi-ong  with  uur  technique.  Other  foiius  of  leucocytes  in  the 
siune  preparation,  however,  will  stain  normally,  showing  that  the 
trouble  is  in  the  lyuiphocyt^^s  and  not  in  the  technique.  These 
large  lymphocytes  are  identical  in  their  appearance  with  those  found 
at  the  "  germ  centres  "  of  all  adenoid  tissue,  and  probably  are  the 
iHOther  cells  of  the  small  lymphocytes.  Benda  has  termed  them 
"lymphogonien."  They  have  often  been  luist-aken  for  myelocytes, 
from  which  they  are  to  be  distinguished  by  the  absence  of  any  neu- 
trojihile  granulation.  They  often  show  evidences  of  degeneration 
(si'e  above,)).  70).  The  jirotoplasm  maybe  entirely  unstained  as 
in  most  of  the  cells  in  Plate  III.,  A,  or  it  may  stain  pale  giay  or 
pink.  In  other  Mjiecimens,  especially  those  of  the  small-cell  type 
(I'lat*'  III.,  "),  the  lymphocytes  stain  well.  Their  nuclei  are  fre- 
qufiitly  indented  or  even  divided  in  two  (this  occurs  also  in  normal 
blcKHl,  but  less  uiteii). 

Fraenkel  l)e]ieves  still  that  lymphsemia,  though  not  always  acut#, 
is  usually  so,  ami  that  if  achronic  case  takes  on  ai;ute  symptoms  the 
blood  beconies  more  lymphjemic,  while  if  a  c^sc  starts  acute  and  be- 
comes chninic  the  lymi>hoeytes  decivase.  Thus  a  case  rejiorted  by 
V.  (ler  Wey'  of  dironii-  myeloid  leukiemia  six  weeks  before  death 
l)ef;an  to  have  fever,  hemorrhages,  great  increase  in  the  total  leuco- 
cyte count  and  in  the  ana-mia.  Xo  complication  was  present.  The 
'Dent.  Arcli.  f.  kliti.  M«i.,  vol.  Ivii.. 
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lymphoojrtes  increased  80  per  wnt,  aiid  the  iM)lyiuorj)hoiiuclear 
neutrophiles  dropi)ed  from  30  w)  «S  per  (vnt. 

Gerhardt '  watched  a  case  whic^h  began  acutely  with  a  lar^c 
jH»rcentaf?e  of  A/ r*/^  lymphocytes  and  then  liecAine  chronic  with  apn*- 
dominancre  of  s/Maii  lymphocytes. 

In  acute  cases  Litten'  has  notiivd  fatty  degeneration  in  the 
leu(U)cyt4»s. 

The  following  figures  illustrate  the  influence'  of  a  septicemia 
(from  suppurating  cerviciil  glands)  which  ended  the  life  of  No.  8  in 
the  above  Table  IX. 


DAfea 

Number 
of  leucocytes. 

Percentaire  of 
lymphocytes. 

Ami]   8d 

81,600 

81.000 

38.ft06 

44.000 

81.500 

40.000 

Sepsis  began. 

5.661 

4.000 

8.400 

8.333 

800 

471 

96.5 

«       4th 

•       6th 

98.6 

••       8th 

•     10th 

95.5 

•     13th 

•     18th 

•»     20th 

-     3l8t 

•*     33d 

M. 

-     34th 

••     38th 

••     39th 

94.7 

Death  on  the  39th. 

Zeissl's  case,  also  of  the  lymphatic  form,  showed  the  following: 

D«t«. 

Wblto  celU 

L 

Perrentaire  of 
lymplKicytee. 

PercentaiTB  of 
polynuclmr  eel  In. 

Beptember    9th 

80.0(M) 

96. 

97.8 
99. 

88.7 

av4 

4. 

34th 

118.(MN) 
119.0(M) 
132.(N)() 
140.000 
PneumoniH  lM*gan. 
119.(MN) 

9N.()()0 

68.  .500 

43.i'MN) 

50.(N)0 

9.350 

2«tli 

29th 

2. 
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-        9th 

1. 

"      Uhh 

**      11th 

**      12th 

•*      13th 

**      14th 

11.3 

M        1i\th 

14.6 

**       16th  (A.M.) 

•*      16th  (P.M.) 

133,200 
172,(HH) 

75. 

25. 

Fohfttiorphoniirlear  neutrophilfH  are  absolutely  as  well  as  rela- 


'  15th  C\)nK.  f.  iiiii«*n-  Mwl.  1S97. 
Mlth  C'oug.  f.  iiinm*  .Med..  1893. 
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lively  diminished  in  most  cases.  Indeed  they  are  often  so  scarce 
that  one  has  to  look  through  several  thousand  leucocytes  before  find- 
ing one.  There  is  nothing  abnormal  aljout  them—  a  j)oint  of  marked 
contrast  with  the  neutrophiles  in  myeloid  leukaemia.  Eoslnophlies 
and  myelonftes  are  equally  rare. 

Svmmonf. 

The  leading  (characteristics  of  leukiemic  blood  are  as  follows : 
(a)  Mydokl  leiihnnui, 
•   1.  Red  cells  about  8,000,000,  nucleated  forms  very  numerous. 

2.  White  cells  about  4^50,000,  of  which 

3.  Myelocytes  form  about  thirty  per  cent. 

4.  Every  possible  form  of  cell  Ivtennedtate  between  the  ordinary 
varieties  is  to  be  seen.     ("Polymorphous  blood.") 

(Jt)    Chronic  hfiiiphatlc  lenk<pnii(t, 

1.  Red  cells  about  3,000,000  or  lower;  nucleated  forms  rare. 

2.  White  cells  about  300,000,  of  which 

3.  Small  lymphocytes  usually  form  over  ninety  per  cent. 

4.  Myelocytes  and  eosinophiles  very  scanty, 
(c)  Acute  I  If  m  photic  leukaemia, 

1.  Red  cells  much  diminished;  nucleated  forms  infrequent. 

2.  Lan/e  foiins  of  lymphocytes  usually  predominate ;  many  of 
them  often  show  signs  of  degeneration. 

3.  Neutrophiles  and  eosinophiles  very  scanty. 

Diagnostic    Value. 

Leukaemia  is  distinguished  by  the  blood  examination  from 

1.  Hodgkin's  disease:  (rf)  splenic,  (/>)  glandular. 

2.  Tumors  of  the  spleen  and  vicinity  (f?.«7.,  kidney  or  i-etroperi- 
toneal  glands). 

3.  Enlargements  of  the  lymphatic  glands  from  tuberculosis, 
syphilis,  malignant  disease. 

4.  Hydronephrosis. 

5.  Huge  leucocytosis  from  any  cause. 

6.  Chronic  malaria. 

7.  Amyloid  disease. 

1.  Leukaemia  and  Hodgkhi's  disease  (lymphadenoma  or  pseudo- 
leukaemia).  The  j)athology  of  the  two  diseases  is  identical  but  for 
fche  blood   count.     In   Hodgkin's  disease  the  blood  is  normal,  or 


176 


;ctAL   PATHOLOdV   OF  THE   BLOOD. 


shows  onlj'  A  niwlprate  uupiuia  ur  leui^wytosis  ^K>1yiuorphonuolear 
wlls  alun«  increased',  ami  the  iliii^uusis  in  easily  iciaile. 

2.  TuHUtrM  of  till-  njjlerii  and  especially  of  the  kidtfy  are  very  apt 
tc)  be  mistaken  fur  leulutniia.  VVitliin  a  single  year  1  was  luikeil  to 
examine  the  WimmI  in  three  eases  of  "  leuksniia,"  all  of  which  turned 
imt  to  be  malignant  ilise-unc  oF  the  kiibiey.  In  all  of  these  there  was 
a  lanp*  tumor  resembling  the  spleen  in  the  left  hypochondriuiu,  also 
a  very  large  iucrcasi-  of  whit<^  ci-lltt.  In  two  of  them  the  blond  waa 
examined  fresh  and  tlie  great  number  of  white  cells  in  tlie  slide 
taken  as  evidence  contirmatoi'y  of  leuktemia.  The  stained  sjH-ci- 
nien,  however,  showed  only  inarke<l  leueorytosia  with  ninety  i>er  cent 
of  polyiiuclear  cells  of  the  onlinary  tyt>c  and  no  myelocytes.  t.>ther 
large  tumors  of  this  region  showed  similar  results.  Occasionally 
cjts«-s  of  Icukiemia  with  niimennis  metastases  are  tlcscrik-d  as  '■  sar- 
coniatosis,"  and  then  it  is  asserted  that  the  hlofxl  of  leukaemia  ia 
identical  with  that  of  sartnma.     The  source  of  the  mistake  is  ob- 


•*).  Aiti^HitiK  with  hy|M-rplasia  due  to  tubi-rcnIoHtN  shows  usually 
normal  blomi '  and  is  thus  easily  distinguished  from  lealunmia. 
LcmKK'j't'isis  is  oft**!!  im-sent  in  syphilitic  \'aav»  and  still  inor* 
marked  in  those  due  tn  cancer  or  sarcoiiia,  but  the  counts  rai'ely 
n-ach  ^10,000  and  myelocytes  are  alwenl  or  vi-ry  scanty. 

4.  Oin'  case  of  /ii/ilriini-ii/ini»iif,  in  which  the  diKtention  uf 
the  sac  wan  so  great  that  it  pn-sented  as  a  hard,  wdid  tumor 
on  the  right  hyi>ochotidrinni,  was  taken  (or  leukitmia  by  a  com- 
|H-t.ent  observer  some  years  ago.  The  imrnml  IiIinmI  examination 
i-evealed  the  mistake,  and  fxclnded  also  inaliguant  diseaw  tn 
nil  pn)l)ability.  The  iliagnoais  waa  reached,  howe\-er,  only  at  tho 
autopsy. 

5.  Huge  leuoncytosis  in  pneumonia  or  malignant  diseane  may 
cfoHS  the  olil  Uauidaiy  line  of  HJO.OtWt  whiUi  tx-lls,  Is-yond  which 
none  Imt  lenkjemie  cases  were  sniijHweil  Xn  venture.  The  differ- 
ential iMJunt  sets  ns  right  instantly,  showing  ninety  |xt  cent  or 
Ml  of  the  increase  to  be  made  Up  of  onlinary  [lolymorphonnclear 
leucocytes. 

(>  ami  7.  The  large  spleen  and  cachectic  apitoaranee  associated 
with  chronic  malaria  and  long-standing  suppurations  may  be  easily 
distinguished  front  leukemia  by  the  absence  of  anything  more  than 
atiiemia  and  Icncocytosis  in  the  bhxxl. 

'  Suni'-ttmi'"  ninrkcil  Iriicoprnm. 
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Red  cells. 

White  cells. 

Lympho- 
cytes. 
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nu'-lear 

leu(*ocyte8. 

Myelo- 
cytes. 

Nucleated 
red  cells. 
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100,(KX)  + 
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Alisent. 
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a,ooo,uoo 

per  cent. 

per  cent. 

Hodgkin's  disease. . . . 

About 

7,600  ± 

Normal. 

Normal. 

Absent. 

Absent. 

Tumonj  of  or  near  the 

normal. 
Usually 

190,000  U) 

(ireatly 

Greatly 

Few  if 

Few. 

spleen. 

diminished. 

40,000  ± 

decreased. 

Increased. 

any. 

Leucocytosto  in  sen- 

May  be  over 
100,000 

Greatly 

Greatly 
Increased. 

Few  If 

Few 

eral. 

decreased. 

any. 

at  times. 

Chrunlr  malaria 

Much 

Somewhat 

Usually 

Usually 

Few  If 

Few. 

diminished. 

increased. 

Increased. 

decreased. 

any. 

Amyloid  diReaee 

Usually 

Usually 

Usually 

Usually 

Absent. 

May  be  a 

diminished. 

Increased. 

decreased. 

Increased. 

few. 

HydronephroHlfl 

Normal. 

Normal. 

Normal  or 
decreased. 

Normal. 

Absent. 

Abnent. 

Effect  of  Intkrcurrkxt  IxFErTioxs. 

There  are  on  record  about  thirty  cases  in  which  leukaemia  (acute 
or  chronic)  has  been  complicated  with  some  intercurrent  infection, 
with  mai'ked  effect  upon  the  blood  in  all  but  one.  This  single  case 
was  an  acute  rheumatic  arthritis  reported  by  Richter  in  the  discus- 
sion of  Fraenkel's  article  in  the  Deutsche  mediviniHche  Worhevsrhrift 
for  1895  (Nos.  89,  43,  and  45),  p.  039.  Here  the  blood  remained 
unchanged. 

MuUer's'  case  of  lymphatic  leukaemia  was  comj)licated  by  a  sep- 
ticaemia, and  the  count  of  white  cells  rose  from  180,000  to  400,000 
per  cubic  millimetre,  with  a  mai'ked  increase  in  the  })ercentage  of 
polymor})honuclear  c^ells.  Here  was  a  genuine  leucocytosis  added 
to  a  leukaemia. 

With  the  exception  of  these  two  cases,  all  those  hitherto  pub- 
lished have  shown  a  mai'ked  pi*ogi*essive  t/errease  in  the  total  num- 
ber of  leucocytes  without  any  change  in  the  percentages  of  the 
different  varieties  in  twelve,  while  eight  showed,  like  MUller's,  an 
increased  percentage  of  the  polymorphonuclear  cells  despite  the  de- 
crease in  the  total  leucocyte  count. 

Marischler"  in  a  case  of  lymphatic  leukaemia  with  cancer  of  tne 
kidneys  found: 

1.  At  First.  2.  Later. 

Redcella 8,460,000  2.400,000 

White  cells 96.000  48,000 

Ha?mc)globin 60  per  cent  80  per  cent 

•  Mliller:  Deut.  Archiv  fftr  klin.  Med.,  1892,  vol.  1.,  p.  47. 
«VVien.  klin.  Woch.,  July  23d,  1896.  ^ 
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1.  At  nret  2.  Later. 

Polymorphonuclear  cells 15.6    per  cent.  57.5    per  cent. 

Small  lymphocytes 88.8  **  40. 

Large  lymphocytes l.H  **  1.6 

Eosinophiles IH        **  .16 

Myehicytes .16 


u 

u 
u 
u 


Various  infections — miliary  tuberculosis,  pneumonia,  grippe, 
erysi^Hjlas,  abscess  of  kidney,  septic  lymph  glands — alike  decreased 
the  leucocytt*  count.  In  one  case  a  rise  just  before  death  was  ob- 
served. 

Thus  in  Henck's  case  the  leucocytes  fell  from  400,500  to  89,000, 
in  one  of  MuUers  from  24(),900  to  r>7,:500,  in  Kov^s'  from  (>7,000 
to  17,000,  in  Zeissrs  from  140,000  to  9,;ia0.  1  have  ali-eady  men- 
tioned a  case  of  lymphatic  leuk&emia  (page  174)  in  which  the  Unico- 
cytt\s  fell  from  40, (HK)  to  under  r)00,  this  last  being  on  the  day  of 
death.  In  this  cast*  the  percentages  of  the  diiferent  varieties  of 
leucocytes  remained  entii*ely  unc^hanged. 

Herrick  '  n*ports  a  case  (*omplicated  by  acute  streptoccwcus  in- 
fection in  which  the  white  cells  were  (50,000  at  the  time  of  death. 
How  high  they  may  have  been  earlier  is  not  known. 

It  appears,  therefore,  that  when  an  infection  complicates  leukae- 
mia we  may  have — 

1.  No  eifect  (see  case  of  rheumatic  fever  as  a  complication,  just 
mentioned). 

2.  A  genuine  leuctxytosis  on  top,  so  to  speak,  of  the  leukaemia, 
with  an  increased  jK»rcentage  of  polymorplumuclear  cells. 

8.  A  decrease  in  the  leucocyte  count  with  or  without  an  in(^rease 
of  polymorphonuclear  cells.  This  decrease  is  by  far  the  most  com- 
mon result  and  may  go  far  below  normal  as  death  ai)proaches. 

Goldschneider'  found  that  by  the  injecticm  of  sjdenic  extract  and 
other  substances  he  could  bring  about  a  similar  diminution  in  the 
numl)er  of  leu(;ocytes,  but  that,  as  in  the  case  of  intercurrent  infec- 
tions, this  diminution  was  not  accompanied  by  any  improvement  in 
the  patient* s  condition  and  death  followed  as  usual. 

Abscesses  occurring  in  leukaemic  patients  are  filled  with  j>oly- 
nu(dear  leucocytes  as  ordinary  abscesses  are,  and  do  not  contain 
myelocytes. 

*  Loe.  eit. 

•  Discussion  of  Fraenkel's  article. 
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HODGKIN'S  DISEASE. 
(Pseudo'Leukcemiaf   Lymphoma). 

The  diagnosis  of  this  disease  is  impossible  without  the  blood 
count.  Its  pathology  is  identical  with  that  of  leukaemia,  and  even 
post  mortem  the  two  diseases  are  indistinguishable  so  far  as  the 
lesions  outside  of  the  blood  are  concerned.  Yet  the  blood  i«  in  no 
way  i)eculiar,  but  presents  in  most  cases  all  the  characteristics  of 
the  normal  tissue.  Its  value  is  as  negative  evidence,  telling  us  in 
a  giren  case  that  leukaemia  is  absent,  even  though  all  the  other  signs 
and  symptoms  may  be  those  of  leukaemia. 

(I.)  Transitions  from  Hodgkin's  disease  to  leukaemia  are  said  to 
have  taken  place  under  the  eyes  of  eomjietent  observers,  but  they 
are  very  rare.  Only  three  such  cases  are  on  record  so  far  as  I  know, 
that  of  Fleischer  and  PenzoUlt,'  that  of  Mosler,'^  and  one  rei)Oi-ted 
by  Senator,'  in  which  two  sisters  came  under  observation,  both  suf- 
fering from  Hodgkin's  disease.  One  died  of  it;  in  the  other  the 
blood  changed  to  that  of  leukaemia  before  death.* 

Doubtless  many  of  the  other  cases  supposed  to  exemplify  a  simi- 
lar transition  were  really  eases  in  which  a  leucocytosis  arose  owing 
to  some  inflammatory  complication,  as  not  uncommonly  occurs  (see 
below,  Table  X.). 

From  the  existence  of  these  very  rare  cases  of  a  transition  to 
leukaemia,  it  has  been  sui)posed,  es|>ecially  by  French  observers,  that 
Hodgkin's  disease  is  simply  an  early  stage  of  true  leukaemia,  and 
that  this  would  always  l)ecome  apparent  were  it  not  that  the  pa- 
tients die  of  some  intercurrent  disease  befoi*e  the  signs  of  leukaemia 
have  time  to  show  themselves  in  the  blood.  One  difficulty  with  this 
view  is  that  tliere  occur  chronic  cases  which  last  from  eight  to  ten 
years  without  any  change  in  the  blood.  Another  difficulty  is  that 
the  transition  is  in  fact  rare,  despite  the  relative  frecpiency  with 
which  the  disease  is  met  with. 

(II.)  Probably  most  cases  diagnosed  as  Hodgkin's  disease  are 

'  Deut.  Arch.  f.  klin.  Med.,  vol.  xvii. 

•Ziems8(»n's  "Handbuch  d.  Path,  and  Therap.,"  vol.  viii. 

'Bcrl.  klin.  Wcnh..  1882.  p.  58«. 

^It  Is  noteworthy  that  all  \\w9v  cases  arc  of  some  years'  standing — l)i*fon^ 
Ehrlich's  methods  Avei*e  much  used.  Askaiiazy  has  more  recently  observed 
the  transition  in  a  case  in  which  the  bloo<i  wtis  normal  for  two  and  a  half 
years  and  then  leukiemic  for  one  and  a  half  years  under  observation  (quoted 
by  Pinkns  in  Nothnagel's  "Specielle  Path,  and  Therap..**  vol.  viii.). 


^^^^^ 
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ill  fact  cases  of  glandular  hypertrophy  due  to  syphilis  or  tuberculo- 
sis, and  this  fact  has  led  mauy  to  the  belief  that  all  cases  called  Hodg- 
kin*s  disease  are  in  reality  only  syphilitic  or  tuberculous  adeuitis. 

In  a  considerable  number  of  cases,  however,  tuberculosis  has 
been  disproven  by  careful  inoculation  ex})eriments  with  the  glandu- 
lar tissue,  and  there  is  no  reasonable  doubt  that  aottte  cases  at  any 
rate  are  not  due  to  tuberculosis  or  syphilis.  Probably  the  diagnosis 
can  never  be  made  with  absolute  certainty  during  life. 

(III.)  The  frecjuent  occurrence  of  fever  and  other  symptoms 
characteristic  of  an  infectious  disease  has  led  some  writers  to  class 
it  as  siu*h.  In  a  certain  i)ercentage  of  cases  the  disease  (like  leukae- 
mia) has  run  an  acute  course,  lasting  not  more  than  six  weeks  from 
the  first  symptoms  to  death.  In  some  chronic  cases  the  same  sort 
of  evidence  of  an  infectious  nature  has  been  bnmght  forward.  Ul- 
cerations (NM'ur  in  the  mouth  and  intestine,  through  which  morbid 
products  might  gain  admission.  Various  l>a<*teria  (])yogenic  and 
others)  have  been  found  in  the  blooil  and  tissues  from  time  to  time, 
but  numerous  negative  examinations  for  micro-organisms  are  also  on 
record,  and  the  evidence  is  insufficient  to  establish  the  infectious  na- 
ture of  the  diseas4\  None  the  less,  then*  is  a  growing  tendency 
anu)tig  the  leading  writers  and  observers  in  (irermanyand  elsewhere, 
to  Indicve  that  the  disease  will  ultimatelv  Ix*  shown  to  Ihj  tul)erculou8. 

(IV.)  Meantime  most  surgeons  continue  t-o  regard  it  as  a  form  of 
sarcoma'  and  to  treat  it  like  malignant  disea.se. 

77/*'  lilofHl. 

\Vhat4»ver  the  nature  of  the  di.sease,  we  find  in  the  earlier  stages 
of  most  ca.ses  normal  blootl,  as  will  Ih»  set*n  in  Table  >i[.  (cases  7  to 
*2'A  inclusive). 

.\s  the  dist»ase  j)rogresses  the  hiemoglobin  soon  l)egins  to  fall, 
later  the  red  ce'ls  do  so.  until,  as  at  the  end  of  Case  10  of  the  present 
series,  the  bhx  d  may  reach  the  seveivst  gnule  of  auiemia.  In  acute 
cases  the  amemia  may  develop  very  raj>idly.  The  usual  qualitative 
changes  charact«M-izing  w*vere  s<M*ondary  auiemia  may  Im*  j>resent. 

ir/n'fr   (\lh. 

When  intianimation  arises  in  th<*  glandular  tumors  and  some- 
times when  n<nie  is  found,  the  white  eells  mav  U*  i^reatlv  incn»a.sed, 
even   Up  to  a  ratio  of   1  :  SO  red  cells,  as   in  Tase  1    of  the   i)ivs«*nt 

TIhtc  an-  im  idiaMc  (litTeieiitia  lietweeii  siireoiim  of  lyiii]>h  gluuds  uud 
"iN'iii^ii"  I\  iii}ihf>iMa  hisioln^ically. 
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Table  X.— Hodokik's  Diseabc. 
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Tablk  X. — Hodokin's  D18EABE  {CoiUinutd). 
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February  Hth.    PiHjrtiiM'lear,  tt.4  per  cent 

Lanre  lynipliocytes,  M  "' 
Pmall  lymphocytes,  W,  ** 
EmlDophiles.  0. 

Reds  as  January  Slst. 
Febniary  13th.   Polynuclear,  57.4  per  cent 

Small  lympbocyten,  82Je 
Lanre  lymphocytes,  6.4 
Efislnophlles,  4.0 

February  23d.    Polynuclear.  70  per  cent 

Small  lymphocytes,  26 
Lance  lymphocytes.  4       ** 
Eosinopblles,  0 


May  4th.    Count  fi«V)  cells. 

P(Hynuclear.  H2.0  per  cent 

Small  lymphocytes.  15.6 
Lanre  lymphocytes,    2.4       *' 
EosTnophlles.  0.0 

No  nucleated  reds.    Reds  stain  rather 
palely.      Little    variation    In    siie. 
Sllfrht  irrefrularlty  In  shape. 
May2Hth.    Polynu<*lear,  70  percent 

Small  lymphocytes,  lA 
Lanpe  lymphocytes,  12       ** 
EosFnophlles.  0 

Redn  Himllar  U>  May  4th. 


Polynuclear.    MO  per  cent 
Lymphocnes,  26 
Eoslnophlles,    6 


»» 
»» 


-I 


Polymorphonuclear  wlls,  Vi  per  cent 
Lyniph<K'vteK,  5       " 

Death:  uuUtpsy. 


Potymonihonuclear  cells.  W  per  ct^nt. 
Lyihph<M'yt«i,  40       ** 


Dlff.  3(10.    Polymitrphonuclear  cells,  fiu.o  per  cent 
Lymphocytes,  45.3 

1-^islnophiles,  1.3 

Myel<rytei»,  1.7 

Blir  iiple«*n.  iiallor.  n<NM*blt*e<l.  debility. 


Two  montbH  later. 
Three  wnekK     " 


IN»lynion>lM»nuclear  t-elK  Hii  ikt  i-ent. 
Lytiipho<*yt4ii,  17 

F^wlnophtleH,  3 


Myelocvt«ti.     1  per  (*ent.    BIk  liver  and  spleen. 
KdsliKipbllcH.  4 


Dlff.  .'i(N).    l*olviii(in*bonuclear  celin,  71J25  per  cent 
LyniplMM'yteH,  2K.IM     " 

E<«ln«i|>bil«w.  .T.'i 

One  noniioblfuit. 


Dlff.  3I*».    Polymorphonuclear  <*ellii,  «1.5  |ier  cent 
Lvrhpbocvteii,  'M.h 

F>«iinc»phlleit.  1.0 

Many  of  the  lymplKN'ytex  have  two  nuclei. 
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Table  X.— Hodgkis's  Diskask  {Continued), 


i 

Age. 

• 

M 

Red 
celbt. 

White 
cells. 

Per  cent 
haemo- 
globin. 

Retnarks. 

25 

No 
leui-ocy- 

UMis. 

Diff.  800.    Polymorphonuclear  cells,  41 .7  per  cent 
Lymphocytes,                  48.4 
Eosinophlles,                     ».8 
Myelocytes,                         .« 

M. 
F. 



» 

4 

No 

leuc<K*y- 

tosls. 

DIff.  .500.    Polymorphonuclear  eel  Is,  H0.3  per  cent. 
Lymphocytes,                   :«.() 
EoslnophlleH,                      3.« 
Myelocytes,                          .3 
Two  normoblasts. 

27 

Diff.  6U0.    Polymon>honuclear  cells.  MS.H  iter  cent. 

Lymphocytes,                    5.2       *' 
MyeUH'ytes,                         2.3 
No  eoMinophlles. 

2H 

No 

Dlff.  313.    Polymorphonuclear  cells.  62.3  per  cent. 
Lymph«M«yt<*s,                    117.0 
Myelocytes,                          A 

M. 
M. 

leiicocy- 
tosls. 

29 

2H 

5,218«(NJ0 

11,HU0 

HT) 

Polynuclear,            51  per  cent, 
small  lymphocytes,  85 
LarB«          "            7       " 
Roslnophlles,             7 

3(i 

.IT) 

.'k2K(MNX) 

A.tliUO 

.V> 

Dlff.    PiMymorphcmuclear  cells,  76.C)  per  cent. 
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91 
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4,61ti,U00 

2,401) 

70 
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Dlff.    Poljrmorphonuclear  cells,  69  per  cent. 

Small  lymphocytes,           19 
Large           "                      18       " 
Eosinophlles,                      4 
Few  normoblasts. 

sories.  There  is,  however,  no  more  resemblaiiee  to  leukseniia  than 
ill  any  other  form  of  leueoe^'tosis,  the  polymorphonuclear  cells  alone 
l)eing  increased.  There  is  no  reason  for  sui)posing,  as  Keinert* 
(l(H\s,  that  relative  tliminution  of  the  lymphocytes  is  owing  to  the  dis- 
<»ased  condition  of  the  lymph  glands,  nor  for  believing  with  Pinkus 
(Nothnager.s  **Specielle  Path,  and  Ther.,"  vol.  viii.,  1901)  that  the 
rrlntire  inrrrftsf  of  hjwphorytes  which  some  ca.ses  show  is  charac- 
teristic of  Hodgkin\s  disease.  Pfeiffer*^  has  recently  reported  a  case 
of  tlie  cutaneous  form  of  the  disease  with  sixty  per  cent  of  lympho- 
cytes out  of  a  total  leucocyte  count  of  6,500. 

As  in  any  other  (cachectic  condition,  small  numbers  of  myelo- 
cytes may  Ije  found.  They  were  seen  in  nine  of  our  cases  out  of 
twenty-live  in  which  a  color  analysis  was  made,  the  highest  j)ei*cent- 

'  "  Die  Zilhlnng  der  BlutkoriuTchcn,"  Berlin,  1891. 
•'PfeifTer:  Wien.  klin.  Wooh.,  1897. 
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age  Ix-iiig  two  ]>er  cent.     Eosinophiles  are  usually  decreased  whea 
leiieocytosis  is  present. 

SaHiiu'irff. 

Nuniial  blood  in  early  stages. 

LaU'r  often  markeil  anemia;  sometiiues  leucocytosis. 

DiiiijniiKtii-    I'll  In  If. 
The  only  help  given  us  by  the  blood  18  in  excluiliug  leuktemia. 
ijyiihilix,  tubereuldsis,  or  malignant  disease  might  cauue  similar 
bloofl  <-haiiges  or  lai^k  of  chaiigeH. 


Ekfki- 


OK    Sl-LKXECTOMY    OS   THE    BloOO. 


When  si>Iem'etomy  is  iierf<uined  for  abscesn,  hydatid,  rupture  of 
the  spleen,  or  other  liH-al  disease,  it  is  followe<l,  after  a  varying  num- 
ber of  weeks,  by  a  hy|K'rplajiia  of  the  lymph  glands,  assofiatetl  witli 
It/m/i/nH-'/f'tniii.  How  long  this  lympheemia  lasts  is  not  altogether 
elear. 

I.^ter,  after  many  months,  a  moderate  eosinophilia  may  apjiear 
and  the  mast  (vUs  are  increased.  Khrlich  examined  one  case  six 
months  aft«-v  o[ieration  In  whi<'li  a  considerable  lymphatmia  exist*-(l, 
the  bulk  of  the  lymptiiM'vtes  \miig  large.  Kosinophiles  were  not  in- 
cnvb^-il.  In  ani>thi-r  cit-se  he  fomiil  the  lymphipniia  persisting  in  the 
fifth  year  after  opei'ation,  while  the  eostnophiles  were  l)etween  three 
and  four  |H-r  ivnt.  In  two  other  easea  he  found  (six  and  eighteen 
months  aftiT  the  operation)  no  lymi)hiK'ytosiM. 

In  the  following  table  tlie  recorcls  of  four  other  cases  aie  given : 
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( >iie  [Miiiit  wliich  these  eases  elearly  prove  is  that  no  one  variety 
of  leucocyte  is  ftij)|)lie(l  to  the  hhMxl  from  the  a|ileeii. 


Si'LKSI 
(Pm-iiih-Li-iil-aiMl'i   SplrHiri,, 


iiuti,   K>ilitfj>'<l  S/'lffii.) 


I  object  to  the  term  "  s|>i«ui<!  aiiivmta,"  liecause  it  seems  to  sug- 
gest that  the  s[>leiiie  enlai^^uieiit  in  in  some  way  the  i^ause  of  the 
aiii«mia,  aiid  for  this  there  in  no  suttieietit  eviilem«?.  Biit,  whatever 
tenn  is  usetl,  thi-re  is  at  h-ast  one  jK>iiit  aUxit  the  l>lou(l  of  cases  <if 
idiopathic  anaemia  oecnrriuK  iti  adults  and  assiK'iat^-d  with  enlarj^il 
spleen  which  deserves  notice.  This  is  the  leueo|ienia.  In  (Osier's 
article  (Am.  ■Imir.  Mi-il.  liri^nres,  Jaiuiaiy,  1900)  the  foll<)wirig 
counts  aiv  iveorded : 


i  I  l:.'."  I  S.H      HiPinil 


HiPmilrniviiLi  l<ir 
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ACUTE  INFECTIOUS  DISEASES. 


CHAPTER   III.  I 

INFLUENCE  OF  FEVEH  ON  TFIE  BLOOD. 

Souk  of  the  blood  changes  foiiud  in  ucute  infeittiona  are  tn  be 
regarded  as  due  siiuply  to  the  fever  aaxociab^d  with  the  disease.  It 
is  worth  while,  therefore,  to  consider  what  fever /ler  si-  can  do  to 
the  blood. 

Mai-ogliano'  and  others  have  shown  that  during  fever  from  any 
cause  a  mntiitrtli'ii  of  the  peripheral  vessels  occurs.  When  fever 
ilisappears,  whether  Rpontaneously  or  from  the  action  of  aiitipy- 
retirs  (pheuacetin,  quinine,  cU\),  a  dihtntl'ni  of  the  vessels  follows. 

Following  tile  laws  to  which  we  have  so  often  alluded,  the  ooii- 
traetiun  of  tlie  vessels  causes  a  concentration  of  the  blood  with  risa 
in  specitio  gravity  and  in  tlie  numlier  of  blood  c^lls  i>er  cubic  niilU- 
metre.  This  concentration  is  still  further  increased  by  the  greater 
loss  of  wat«r  which  the  organism  suffers  during  fever  than  under 
normal  conditions. 

Th«!  efTe<!t  of  these  two  influences  in  increasing  tlic  number  of 
red  cells  per  cubic  niilliraetre  is,  however,  counteracted  to  a  con- 
siderable extnnt  by  the  sharing  of  the  blood  in  the  general  tissue 
destruction  which  goes  on  with  increased  rapidity  during  fever. 
Many  <'()rpuMcles  are  thus  destroyed,  but  until  the  temperature  falls 
the  arifemia  is  iMvered  up  by  the  concentration.  \Mien  the  fever 
leaves  the  jiatient  there  is  a  sharp  fall  in  the  number  of  cells  per 
cubic  millimetre,  due  partly  to  tJie  ilestmctiim  of  corpuscles  (hither- 
to masked  by  concentration)  anit  partly  to  the  diluttoii  uf  ih.-  hlund 
which  is  the  result  of  the  )M)st-febrile  dilatation  of  the  peripheral 
vessels  above  mentioned.  The  suddenness  of  this  fall  in  the  count 
is  projMirtiotial  Ui  the  suddenness  of  the  fall  in  temjiemture. 

The  alkalinity  of  the  bUKxi  has  been  often  said  ti>  be  dimiuished 
'Z<'ii.  f.  kliti   Xlcii ,  vols,  xiv,  nii'l  xvii, 


PNEUMOKIA.  18& 

in  fever,  but  recent  research  tends  to  show  that  these  results  were 
obtained  by  faulty  technique,  and  it  is  doubtful  whether  the  re- 
action of  the  blood  shows  any  constant  changes  in  fever. 

Leucocytes  and  fibrin  show  no  constant  changes,  though  in  the 
majority  of  infectious  fevers  they  are  increased. 

PNEUMONIA. 
The  Blooii  (t;f  a    Whoh. 

(a)  Bacteriology. — The  diplococcus  lanceolatus  has  been  found 
in  the  blood  of  pneumonic  patients  repeatedly,  esj)ecially  in  those  in 
whom  there  has  been  some  secondary  <liplococcus  infection  («*.«7., 
<liplococcus  endocarditis) ;  but  such  findings  are  rare  and  have  gen- 
erally been  in  fatal  cases  with  very  severe  generalized  infection. 

For  example,  Sittmann'  out  of  16  cases  found  diplococci  in  the 
blood  of  6,  most  of  which  were  complicated  with  lesions  in  other 
organs,  and  4  of  which  were  fatal,  while  of  the  10  whose  blimd  was 
sterile,  9  ended  in  recovery. 

Boulay*  found  the  organism  in  2  cases  shortly  In^fore  death. 
Belfanti '  found  it  but  6  times  out  of  a  large  number  of  cases,  and 
of  these  6,  5  were  fatal.  Goldschneider*  and  Grawitz'  got  similar 
results.  Cohn*  in  32  cases  found  the  organism  in  9 ;  7  of  these 
were  fatal.  The  other  2  had  empyema  and  other  evidtuuics  of 
metastatic  action  of  the  ])neumococci.  Heco'  studied  49  <*iiseH. 
Twenty  of  these  ended  fatally,  and  of  these  20  there  were  5  whoso 
blood  showed  jmeumocoeci  by  culture  and  1  from  whi(»h  FritMilttn- 
der's  bacillus  was  cultivated.  Out  of  29  <^ases  ending  in  re(U)vtiry 
only  2  showed  cocci  in  cultures  from  the  blood.  If  large  numlM^rs 
of  colonies  can  be  cultivated  from  the  perijiheral  blood,  Be(u)  con- 
siders the  j)rogiiosis  grave.  A  few  colonies,  however,  are  of  no 
significance  in  i)rognosis.  Fraenkel  has  obtained  over  .'^00  colonies 
from  one  ])uncture.  Their  vinilence  was  less  than  that  of  those  in 
the  sjiuta,  showing  a])parently  the  effects  of  the  blood's  antitoxic 
j>ower.  Nevei-theless,  it  is  obvious  that  the  presence  of  ]meumo(M>cci 
in  the  blood  is  a  bad  prognostic  sign. 

'  Deut.  Archiv  f.  kiin.  Mwl.  IHM.  p.  :J23. 
'  Phris  Thesia,  1891. 

•^  Hiforma  M<Hlica.  Naples.  189(),  No.  87. 
M)eut.  mcd.  Woob.,  1«»2,  No.  14. 
^Oniwitz:  (liarite-Animlen,  vol.  xix. 
•Cohn:  Drut.  iiiwl.  Wrx;h.,  1897.  "No.  9. 
'Beco:  Ki'Vim-  (U-  M«'d.,  1899,  July  10th. 
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(/<)  Cuagulatiou  is  i«uiarkably  lagiiil,  aiid  in  fresh  8{>eciniens  the  I 
fibiin  network  is  very  thick  ami  appears  within  a  few  luiDutes.  ex- 
cept in  the  raa'e  cases  with  subnonual  leucucytes.     Here  it  ma.y  lie  i 
absent  or  diminisheil. 

(r)   In  cases  with  cyanosis  tlie  bliiwl  is  often  concentrated  at  th« 
periphery  so  that  its  specific  graiHty  is  high  and  the  number  of  o 
puscles  laige. 

id)  Munti  and  l!er){griln'  observed  that  in  chihiren  the  specilia 
gravity  was  high  throughout  the  course  of  the  disease,  falling  with 
the  temperature. 

The  toxicity  of  the  Idooil  is  doubled  (Albu:  Virchow's  Arrhli; 
Tol.  149). 

Hi^  Ci-lU. 

During  the  fever  the  red  cells  are  approximately  normal  (unless 
Increased  by  cyanosis);  but  after  tlie  crisis  there  is  often  slight 
aiuemia,  and  sometimes  a  soverv  one.  The  hEemoglobiii  is  more 
markedly  and  uion;  lastingly  reduced  than  tlie  number  of  red  cells. 

A  more  interesting  and  important  observation  was  made  by  Tilrck 
in  1898,  vir.-,  that  when  th«  infection  is  severe  or  the  patient  of 
low  vitality  nucleated  red  cells  (mostly  normoblaflts)  may  appear  in 
the  peripheral  blood.  In  all  TUrck'a  cases  niegaloblasts  as  well  aa 
nonnoblasts  occurred,  but  the  latter  were  greatly  in  the  majority. 
Dr.  Bailger  and  1  studied  a  most  interesting  cise  of  tins  tyjie  in 
1898.  The  pneumonia  ran  a  severe  course  and  was  followed  by  an 
empyema  which  proved  fatal.  The  blood  counts  were  made  for  the 
most  |)art  after  the  crisis.  At  autopsy  the  marrow  of  the  ffmur 
was  bright  red  from  eml  to  end.     The  blixid  showed  the  following: 
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Maragliano  has  noticed  "  degenerative  "  changes  in  the  red  cells 
in  severe  cases. 

JVh  ite  Corp  useles, 

1.  Probably  as  early  as  the  time  of  the  chill,  and  certainly  within 
a  few  hours  after  it,  the  leucocytes  are  greatly  increased,  and  usu- 
ally continue  so  throughout  the  febrile  period. 

2.  There  is  no  correspondence  between  the  daily  variations  in 
temperature  and  the  leucocyte  curve.  In  cases  in  which  a  pseudo- 
crisis  occurs  (the  temperature  falling  but  rising  again),  the  leuco- 
cyte count  usually  remains  high,  while  at  the  time  of  the  true  crisis 
and  often  a  few  hours  l)efore  it  the  leucocytes  hetjln  to  fall.  This 
fall,  however,  is  hai-dly  ever  by  "crisis,"  but  though  starting  per- 
haps a  little  before  the  temperature  it  is  one  to  two  days  longer  in 
reaching  normal.  When  the  temi>erature  reaches  normal  by  lysis 
the  leucocytes  fall  with  it,  but  generally  more  slowly,  and  reach 
normal  later. 

3.  When  resolution  is  delayed  the  leucocytosis  continues,  some- 
times for  weeks,  and  very  gradually  falls  to  normal  in  cases  in 
which  resolution  eventually  occurs  without  complication.  If  ab- 
scess, empyema,  or  gangrene  follow,  the  leucocytes  usually  become 
still  further  increased. 

4.  The  (fef/rre  of  hueoei/tosis  is  probably  the  resultant  of  the  fac- 
tors mentioned  on  i)age  lOo,  and  does  not  run  parallel  to  the  degi-ee 
of  fever  or  the  amount  of  lung  involved.  Nevertheless,  cases  with 
extensive  signs  in  both  lungs,  and  especially  those  complicated  by 
empyema  or  other  suppuration,  are  more  apt  to  have  very  high 
counts,  provided  the  "  reacticm  "  of  the  patient  against  the  infection 
is  vigorous.  (Children  have  especially  high  count  as  a  rule  (see  ex- 
ception lx»low).  The  cases  a])pear  to  fall  into  the  following  groups 
as  regards  the  degree  of  leucocytosis  present. 

1.  MiUl  inf(*rtion.  vigonMW  reaction  =  slight  leucocytosis. 

2.  Severe  or  iiio<ierate  infection,  vigorous  reaction  =  marked 

leucocj'tosis. 
8.  Severe  infection,  feeble  reaction  =  no  leucocvtosis. 

(a)  The  patients  in  Class  1  all  recover,  but  they  are  very  few  in 
number,  (b)  Those  in  Class  2,  which  includes  over  nine-tenths  of 
all  cases,  may  or  may  not  recover,  according  as  the  fight  between 
patient  and  disease  comes  out  one  way  or  the  other. 

(c)  Those  in  Class  3  nJmnst  invnrtnhJy  die  :  there  is  not  sufficient 
of  a  struggle  to  raise  the  leucocyte  count.     A  striking  exception  to 
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this  rule  is  reported  by  SUH'kUm  {I'/iH.  .V-d.Jnur.,  J  mif:  25th,  1( 
a  case  uf  loliar  piieuiii<jiiia  in  a  ehild  of  eight  with  tliree  relapses  and  I 
u  total  course  of  sixty-eight  ilays.  At  the  height  i-f  the  se{!ond  I 
relapse  the  lilootl  was  exiuiilned  aiid  showed  only  J, 000  leucocytes  I 
per  eubic  millimetre.  Of  these  there  were  forty-four  per  eeut  of  j 
polymorphonuclear,  lifty  jier  oent  small  lyniphoeytes,  six  per  cent  J 
large  lymphocytes.  In  the  second  apyretie  interval,  sixteen  daya  I 
aft«r  the  first  examination,  the  count  stood  7,840  leucocytes  jier  cubio  I 
millimetre.  Of  these  thirty-four  i>er  cent  were  poljroorpliowuul^ar, 
sixty  per  t-eut  small  lymphocytes,  and  twenty  per  cent  eosinophiles^ 
four  per  cent  large  lymphocytes  {'.'). 

After  the  tliird  seizure  ^lhree  weeks  later)  the  leucocytes  were  1 
10,080,  with  polymorphonuclear  forty-tive  [ler  ccJit.    Small  lympho- 
cyt*'S  forty-six  per  cent,  eoainophiles  eight  pet  cent,  large  lympho-  I 
cyt«s  one  per  cent, 

t)n  the  sixty-eighth  day  (iu  convalesc«ncei  the  blood  showed:   ] 
Red  cells,  4,yriL',()00;  whit#  cells,  T.fiOO;  hiemuglol.in,  00  i*r  cent. 
Polymorphonuclear,  57;  small  lymphocytes,  liG]  large  lymphocytes, 
2.5 ',  eo.siiiopliiles,  4.3. 

Very  |>ossibly  this  infection  may  have  l)cen  due  to  some  other 
organism  than  the  diplocoecus  lauceolatus. 

When  either  the  patient  or  his  ilisease  ensi/ff  gains  the  mastery 
there  is  no  leucocyttisis,  or  a  very  slight  one;  but  in  the  much  larger 
class  of  coses  in  which  the  stni^le  is  a  fierce  one,  leucocytosis  ap- 
pears, wMr/inrrr  iriiif  ih"  utritijijlr  rfsiilln. 

I'iek'  noted  tliat  pneumonia  complic-uting  smatl|Kix  when  thtt 
patients  were  already  very  sii'k,  c4iused  no  leucocytosis,  iuid  the  same 
is  often  true  iu  those  whoiw-  power  of  resistance  is  reduced  by  age, 
alcoholism,  typhoid,  or  by  some  chronic  disease. 

Von  Jakscti,  noticing  the  fatality  of  cases  without  leucocytosia, 
suggested  that  we  should  induce  leucocytosis  by  injecting  turiirn tine 
or  otlirr  irritwits  so  as  to  cause  abscess;  hut  this  has  not  proved  »f 
any  benefit  to  the  patient,  nor  has  the  prndui'tioii  of  IcuiiH-ytosia 
without  ahsiras,  its  chh  be  done  with  pilocarpine  or  nuclein,  been 
any  more  successful.  There  in  no  difficulty  in  jiniducing  the  lou- 
<tM-ytoBiB  by  tlifw  lueanx,  but  all  observers  are  agreed  that  it  doea 
the  patients  no  good. 

LruccH-ytusis  is  I'hcckcd  by  antipyretics  (Hare")  but  not  by  cold 
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ises  in  whieh  leuoo-  ,^H 
luught  the  polymOTM^^I 
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phonuclear  varieties  decreased,  Rieder  found  them  increaseil,  whilo 
Billings  finds  them  normal.  No  general  law  can  be  stated  on  this 
point  as  yet. 

In  a  ease  of  bronchopneumonia  complicating  pertussis  studieil 
at  the  Mass.  General  Hospital  in  1894,  the  conditions  were  entindy 
diffei-ent  from  those  just  stated.  The  patient,  a  girl  of  six,  had  at 
entmiice  72,100  leucocytes  per  cubic  millimetre.  Two  da3'S  after 
the  count  was  94,  (KK).  A  diffei-ential  count  made  at  the  same  time 
showed  that  the  small  lymidiocytes  made  up  (>6  per  cent  of  all  the 
94,(»00  leucocytes  per  cubic  millimeti-e.  The  polymorphonuclear 
cells  were  reduced  to  IM)  per  cent.  Lymphatic  leuksemia  was  thought 
of,  but  the-leucocytosis  was  gone  in  ten  days,  and  within  a  fortnight 
the  j)atient  left  the  hospital  well.  In  the  light  of  recent  studies  in 
pertussis  this  is  now  explicable  (see  below,  j).  218).' 

iJiftf/Hosfic  fifif/  Prof/fiostir    Vnhte, 

1.  In  cases  of  so-called  "  cetUrftI  pneumonia  "  in  which  the  symp- 
toms but  not  the  physical  signs  of  the  disease  are  manifest,  the  pres- 
ence of  a  well-marked  leucocytosis  is  often  of  gi-eat  diagnostic  value. 
It  excludes  malaria,  typhoid,  and  uncomplicated  grip[)e  as  causes  of 
fever,  and  if  scarlet  fever  and  suppuration  can  be  excluded  by  other 
evidence,  it  makes  ])neumonia  very  probable. 

I  have  repeatedly  seen  the  diagnosis  of,  pneumonia  made  in  the 
absence  of  physical  signs  and  largely  on  the  evidence  of  the  blood 
count,  the  diagnosis  being  ccmtirmed  several  days  later  by  the  a[)- 
jiearance  of  typical  signs  of  consolidation.  In  a  patient  of  Dr.  F.  C. 
Shattuck's,  sick  five  days,  yet  showing  no  signs  of  consolidation  of 
the  lung,  the  presence  of  a  marked  leucocytosis  excluded  typhoid, 
the  only  other  likely  diagnosis,  and  led  Dr.  Shattuck  to  treat  the 
case  as  pneumonia,  the  wisdom  of  which  course  was  later  demon- 
sti*at4Ml  by  the  appearance  of  signs  of  consolidation. 

2.  Between  pneumonia  and  capillary  bronchitis  the  condition  of 
the  blood  is  of  no  help,  as  the  latter  also  causes  leucocytosis,  and 
some  cases  affecting  the  larger  tubes  do  the  sanle. 

3.  In  cases  of  pneumonia  occurring  in  very  old  or  very  young  [)eo- 
ple,  in  which  the  fever  and  symptoms  may  be  very  slight,  the  pres- 
ence of  leucocytosis  may  be  the  first  thing  to  direct  our  attention  to 
the  lungs,  dyspnoea  and  cough  being  absent. 

'  Stitnon:  Jour,  de  M6d.,  de  Chirurg.  et  de  Fharm.,  BnixeUes.  IHJKJ,  t.  iv., 
fasc.  1. 
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lu  pro^umU,  thu  iiuportaut  point  is  that  the.  abtt-nre  nf  Iriiciegto'  | 
*ijt  la  a  very  hid  iiiffti,  ichUr^  Its  pretrncit  U  wnthfr  yiiiid  iior  liatf. 
must  be  remembered  also  that  in  the  very  mildest  cases  we  "u*/ 1 
find  the  Bame  absence  of  leutxxjytosis  which  in  aiiy  other  but  the  ] 
mildest  woiilil  lie  abuost  surely  fatal. 

This  last  point,  whieli  ap))eai'a  to  me  of  great  iiuportanot' 
illustrated  by  the  fiillowiiig  figures : 

Halla  reported  14  nasea;  'J  had  uo  leucorytosis,  and  both  wera'J 
fatal. 

Itilliiigtt  rejiorted  '2'I  vaaea;  1  had  no  leucooytosiH  and  was  fatal. 

I.ai-lir  witti  1(>  cases,  and  Rieder  with  2r>,  gut  similar  results. 

Ewuig  in  101  cases  found  leucocytosis  absent  in  6;  <)  were  fatal. 

Vou  •laksdli  luiil  Kilodse  likewise  luaiutain  that  the  absence  of 
leucocytosis  is  usually  fatal. 

lu  the  MasHwIni setts  (ieneml  Hospital  R^H  cases  have  been 
studied.  In  i^-ncnil  they  entirely  conlirm  the  results  olitained  by 
ttilliugs  and  sumuiarized  above ;  f>2  of  them  presented  no  leucoe^'to- 
sis  at  any  time,  and  of  these  iW  were  fatal,  another  one  seemed 
moribund  but  finally  recovered. 

The  eviilenw,  therefore,  is  in  favor  of  tlie  riew  that  when  Icu- 
cocytosis  is  persistently  absent  iu  any  but  the  mildest  cases  tha 
prognosis  is  almost  fatal.  T/ir  prmetiri'  nf'  Irur-nrt/tn*'!*,  im  thr  othtr 
hiiml,   in  no  ffuur^/iti/  wln/trppr  of  a  fnvimihlr  tMui: 

iteappearaiice  of  eosinophiles  is  a  favorable  sign  in  most  cases. 

The  series  of  cases  at  the  MaasaiOmsettH  Hospital  is  t«i>  large  to 
exhibit  ill  tabular  fonn.  Their  resulta  may  bi>  siiiDmarized  as  fol- 
hiws: 


(■»*«• 


iiayt«t  uniir-r  10.000  =  112      (lUlnr  lliew  falal) 
brlwccn      10.000    lo   IB.IKM  =   89 


JW.IIOO    -    8ri.00()  = 


40.'KM1  "  4.V00fl=  18 
4.5.00<l  -  50.000  =  7 
.Vl.dOO    -    .M,000=      7 
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Branch  o-Pnen  mon  In . 


In  forty-nine  cases  of  broncho-pneumonia  recorded  at  the  Massa' 
3hu8etts  Oeneral  Hospital,  the  following  counts  are  recorded. 


Counts. 
Between    5, 000  and    10.000=    H 


10.000    " 

15,000  =  18 

15,0(K)    ** 

2().00(»  =  23 

20.000    -* 

25.000  =  22 

25.(HX»    " 

80.000-    4 

80,000    " 

;^5.000=    5 

85.000    ** 

40,000=    1 

40.000    " 

45,000=    2 

45.000    " 

50,000=   2 

50.000   " 

55.000=    1 

100.0<H)    " 

185.(K)0  =   8  (same  case) 

88 

The  highest  counts  in  this  series  were  in  a  case  of  broncho-pneu- 
monia in  a  baby  of  fifteen  months.  As  the  lymphocytes  made  up 
the  larger  part  of  the  increase,  and  as  the  cough  came  in  paroxysms 
with  great  cyanosis,  pei-tussis  was  suspected.  This  case  has  already 
been  i*ef erred  to  on  page  114,  and  a  similai*  case  is  recorded  on  page 
195. 

TYPIIOIT)   FEVER. 
Bactenoloffij  of  the  Blood, 

Although  it  has  long  been  known  that  the  bacilli  of  Eberth  could 
occasionally  be  found  in  the  circulating  blood  or  in  the  rose  spots  of 
typhoid  cases,  yet  it  is  only  within  the  last  few  years  that  such  find- 
ings have  been  sufficiently  constant  to  be  of  any  practical  value  in 
diagnosis. 

Kuhnau  using  5-10  c.e.  of  blcMxl  found  tyi)hoid  bacilli  in  two  out 
of  four  causes. 

Neufelt  {Zf'if.furNt/ffienfj  xxx.,  .S,  j).  499)  act**dupon  the  l)elief 
that  typhoid  bacilli  find  lodgment  in  the  skin,  pr<)tect*»d  from  the 
destructive  agencies  which  ordinarily  destroy  them  in  the  circulating 
blood.  In  the  skin  the  bacilli  produce  the  rose  spot.  In  the  at- 
temj)t  to  cut  out  a  rose  spot  for  the  purpose  of  cultivating  the  ba- 
cilli, the  blood  which  flows  from  the  cut  must  be  instantly  diluted, 
else  it  will  kill  off  the  now  exposed  bacilli  on  the  spot. 

By  excising  several  spots,  Neufelt  succeeded  in  cultivating  the 
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hai'illi  in  thii-teeii  out  of  fourteen  cases  of  typhoid  fever.  The  re- 
sults <)fu»n  gave  [)roof  of  the  nature  of  the  disease  before  the  Widal 
icactiou  had  a]>])eared.  ("urschmaiin  (Munch,  med.  UWh.j  Noveni- 
Iht  28,  1899),  using  not  over  two  spots  in  each  case,  but  following 
in  other  i-esix^cts  Neufelt's  technique,  got  positive  results  in  fourteen 
cases  out  of  twenty. 

Richardson  (FhiL  Med,  Journal,  March  3,  1900)  got  positive  re- 
sults in  five  cases  out  of  six. 

Quantitative  Changea, 

1 .  The  blood  plates  are  usually  scanty,  and  the  amount  of  Jihrin  is 
diminished.  In  one  of  Tlirck's  eases,  blood  plates  and  fibrin  were 
nearly  absent,  an<l  a  henwrrJunjir  ditithe^tjt  developed.  He  considers 
a  rapid  falling  off  of  the  amount  of  fibrin  and  blood  plate's  a  bad 
prognostic  sign,  but  in  a  case  of  hemorrhagic  typhoid  reported  by 
Hamburger  (Johns  Hopkins  Hospital  ReiH>rt,  vol.  viii.)  recovery 
took  pla^v  although  the  e(>agiilation  time  was  ten  minutes. 

2.  SjM^cific  gravity  follows  the  course  of  the  haemoglobin. 

.S.  Tin*  general  effects  of  fever  (see  above,  page  188)  are  in  part 
accountable  for  the  changes  next  to  l)e  described,  while  some  of 
them  are  more  j>eculiar  to  t3r|>hoid  fever. 

In  Thayer's  admirable  study  (Johns  Hoi)kins  Hos))ital  Rej)ort8, 
vol.  nil.)  we  find  the  following  analysis  of  twc,  hundred  and  sixty- 
five  (founts. 

Wekki.y  Avkkauk  Bahkd  on  Onk  CorxT  Pku  Wkkk  in  Each  Cask,  the 
AvKKAiiK  Bkino  Taken  kok  the  Week  in  Every  Case  in  Which 

Mtltii'le  Counts  Were  Made. 

l8t  wH'k  :<2  counts 4,»ta.3t2 

2<i     •*     K^     "    4.7(m.8r)r) 

*I  •*  54  **  4,5.Vi.814 

4tli  '•  lU  **  4.1S7.720 

5th  **  22  "  4.11H.590 

mil  **  H7  "  4.02H.428 

7th  **  H  -  :i:<(«).t25 

Hth  **  8  "  3,«52,285 

»th    **       6     "     :?..vm,6«fl 

KHh     **         1  count   3.92().(K)0 

llth     **         1       "      2.1(M».a3:< 

All  thes«»  counts  n'fer  to  the  febrile  jK^riod  of  the  disease. 
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Eighty  counts  were  made  during  fonuahjicem'e.  The  results  were 
as  follows : 

Estimates  of  the   Red  Blood    Corpuscles   During    Convalescence, 
Arranged  According  to  the  Period  after  the  Last  Day  of  Fever. 

1st  week,  32  counts 4.540,000 

3il      **      22       "      4,687,100 

8d      **      15       "     4,252,000 

4th     **        6       "     4,391,000 

5tli     ^        2       "      : 5,469.000 

Thayer  comments :  "  It  will  be  noticed  that  in  the  first  week  (of 
fever)  the  number  of  red  blood  corpuscles  is  already  somewhat  below 
the  normal  " — that  is  taking  the  normal  as  from  5,500,000  to  6,000,- 
000,  as  it  seems  proper  to  do  in  this  country  (see  page  5()). 

From  this  point  it  steadily  sinks  week  by  week  for  the  first  nine 
weeks.  After  that  the  number  of  counts  is  too  small  to  justify 
conclusions.  The  lowest  point  is  probably  reached  about  the  end  of 
defervescence  in  the  majority  of  uncomplicated  cases,  yet  when  defer- 
vescence is  slow,  blood  regeneration  may  begin  well  before  the  end 
of  the  febrile  period.  In  the  first  two  weeks  of  convalescence,  i-e- 
generaticm  is  going  on  slowly.  "  After  the  second  week,  in  addition 
to  the  fact  that  the  estimates  are  but  few,  the  results  are  vitiated  by 
the  fact  that  the  cases  remaining  in  the  hospital  at  so  late  a  period 
were  for  the  most  part  instances  of  severe  fever  of  long  duration, 
after  which,  as  is  shown  by  the  first  table,  a  much  greater  degree  of 
anaemia  is  reached"  (Thayer). 

Showing  the  Highest  and  Lowest  Counts  in  Each  Week. 

Hlfflwst.  Lowest. 

1st  week 6,940,000  3.400.000 

2i\      ^     6.604.000  2.240,000 

8<1      "      6,916,000  2,300,000 

4th     "     5,884.000  1,426,000 

5th     "      6,312.000  1.352,000 

6th     **     4,904,000  2.014.000 

7th     "      4,500,000  1,648.666 

In  only  one  of  these  cases  could  the  high  count  be  explained  as 
a  coiiceiitrafcion  of  the  blood  through  diarrhoea  and  vomiting,  but 
counts  made  just  after  a  bath  are  often  vei*y  high  owing  to  blood 
con  eventration.' 

'  Aiitipyrin  and  acetunilid  have  uo  effect  on  the  red  cells. 
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Thayer's  figures  are  as  follows: 

Ist  week  of  fever.  21  estimateH  avera^ 76  per  cent. 

2il  **  **  50  **  *•           78 

8<i  **  "  82  **  **       67 

4th  **  *•  20        **  *•       60 

5tli  **  "  15  **  **       5H 

6tli  **  **  6  **  *•       62 

7th  ••  *•  4  *•  **       50 

Convalescence  Ist  week.  22  estimates  average 67  per  cent. 

2ii      **       19        **  ^      69 

8(1      *-       12        *•  **      67 

This  table  shows  a  gradual  decline  during  the  febrile  |>eriod,  with 
a  very  slow  regeneration  in  convalescenot*.  The  haemoglobin  (as  in 
most  secondary  anaemias)  suffers  more  than  the  count  of  corpuscles, 
and  is  slower  in  i-eaching  the  normal,  so  that  the  coli»r  index  is  low 
throughout  (see  chart  on  p.  202). 

Thayer  records  832  estimat^^s  of  the  white  cells  in  uncomplicated 
eases. 

BasiHl  on  one  c<Mint  per  wii'k  in  i*ach  cast*,  the  average  lieing  taken  for  the 
week  in  every  caw  in  which  multiph*  counts  were  made. 

Ist  week  of  fever.  100  counts 6.400 

2<l  "  "  206  *•       6.200 

8<i  **  **  150  **       5,700 

4th  *•  **  95  ^       5,400 

5th  *•  *•  58  ^       5.:W) 

6th  **  **  19  **       5.S00 

7th  **  **  18  "       6.8<M) 

Kth  -  *•  12  "       6.4<H) 

Thayer  comments :  **  It  would  seem  that  the  longer  the  disease 
lasts,  the  more  profound  the  pr(»strati(m,  the  lower  the  count." 
Ewing  .says:  **The  more  severe  the  typhoi<l  intoxication  the  lower 
the  c<mnt."  How  great  the  variations  may  Ih»  even  in  the  absence 
of  any  appan»nt  complication  is  shown  in  the  following  table: 

tst  wiM'k  of  fever 1.").(MHi        l.fMH> 

2<l        -  "      1H.(MM»  l.(MM) 

8(1        -  **       18.<HM»  l.(HH) 

4tll      -  **       10.500  1.7<M» 


TYPHOID   FEVER.  201 

Highest.  Lowest. 

5th  week  of  fever 10.500  2,300 

6th     -*  ^      10.000  3,250 

7th     ^  **      11,000  4,000 

8th     "  "      9,250  4,000 

.9th     "  "      9,800  2,000 

Most  of  these  high  counts  were  in  the  blood  of  one  individual, 
who,  throughout  the  disease,  without  any  appai-ent  i*eason,  showed 
constantly  a  large  number  of  colorless  corpuscles.  The  count  of 
18,000  may  have  been  after  a  cold  bath,  which  Thayer  has  pre- 
viously shown  often  raises  the  count  of  white  cells. 

In  (convalescence  the  count  of  leucocytes  begins  to  rise  toward 

the  normal  as  the  following  table  indicates : 

Iftt  week  of  Hpyrexiii,  32  counts 6,000 

2<i  **  **        24      "      6,700 

8<i  **  "         16      **      6.800 

4th  *•  "  6      **      7.570 

Thayer's  i*esults  may  be  exhibited  in  the  following  chart  (page 
202). 

In  the  majority  of  the  one  thousand  cases  recorded  at  the  Massa- 
chusetts General  Hospital,  the  course  of  the  leucocytes  from  week 
to  week  has  unfortunately  not  been  followed  with  accuracy. 

Most  of  our  counts  were  made  on  the  day  of  entrance  to  the 
hospital,  presumably  during  the  first  or  second  week  of  the  fever. 

The  range  of  the  counts  was  as  follows : 

Bi'twmi    1.000  and  2.000=    10  caws. 

**          2.000  "  8,000=    56  " 

3.000  **  4.000=  135  " 

4.000  "  5.000  =  187  ** 

**    .5.000  ^  «,(KK>=  156  ** 

6.000  ^  7,000  =  149  ** 

7.000  ^  8.000=112  " 

•*          8.0<K)  **  9.0(K>=    78  •* 

**          9.000  **  10.000=    60  " 

"        10,(KK)  -  .  11,(K)0=    27  ** 

"         11.000  *•  12.000=    19  •* 

**         12.000  **  13.0(K)=      6  ^ 

"         13.000  "  14.0(K)=      3  ** 

**         14,(M)0  -  15.<K)0          2  ** 

From  these  fij^ires  I  have  excluded  all  ca.scs  counted  only  under 
circumstances  likely  to  coneentrat*^  the  bhuxl  (cyanosis,  after  baths, 
after  seven»  <liarrh(ea). 
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Of  thew  -law-a  970  or 97  |).t (*ut  had  l«sa  tliaii  1 1,000  leucocytei 
per  cubio  milliiiiftn-  at  tin-  time  of  eiiUring  the  hospital,  wid  «9.  :i  ]«?[ 
wnt  hiui  le&s  than  7,<K)0. 

CUAKT  11  r  TiiK  Blood  in  Tvthoid  Fbveb. 
Febrilr  period— weeks                 (■onviilesceui.t— weeks. 
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Pliiin  lliii-  =  ml rcH-.     n-illiil  line  =  liwiauKWlin,     Broken  Un.-  =  wliUe rptl* 

B>it  tlifw  fiRurea,  like  tho§e  reported  by  Thayer  and  Tflrck,  iliffcr 

from  the  reports  of  sonn-  othir  olxwrvers  in  not  showing  so  large  a 
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proportion  of  very  low  counts.  Thus  Khetajurow  expects  to  find 
only  2,500  to  8,000  leucocytes  in  the  third  and  fourth  weeks,  but 
our  observations  show  that  this  is  not  a  law. 

(^otnjj/if'ations. 

Thayer's  study  of  the  effects  of  complications  is  by  far  the  most 
t|iorough  ever  published. 

1.  Hfmoi'i'htujefroni  the  Bouris  (11  cases).  The  red  cells  fall  off 
markedly  in  one  ease  from  3,648,000  (eighteen  days  before)  to  1,992,- 
000,  in  another  to  2,000,000;  yet  the  tirst  of  these  cases  recovered. 

The  leucocytes  showed  no  appreciable  change  in  half  of  these 
cases,  while  in  the  rest  there  was  some  leucocytosis  (24,800  in  one 
case,  17,400  in  another,  10,500  in  a  third),  reaching  its  maximum 
in  from  twelve  to  twenty-four  hours,  and  returning  to  normal  in 
from  two  to  seven  days. 

2.  Perforation  of  the  Bowel  (8  cases).  Leucocytosis  was  well 
marked  in  three  (1(5,400,  23,400,  and  16,000),  slight  in  two  (10,400 
and  11,200),  and  completely  absent  in  three,  at  the  time  of  the  per- 
foration. Thayer  studied  the  clinical  features  of  these  cases  and  the 
results  of  cultures  made  at  operation,  and  concludes :  "  It  is  probable 
that  slight  local  peritonitis  always  produces  .  .  .  leucocytosis  unless 
the  in<lividual  is  already  in  a  condition  of  profound  general  septi- 
ciemia.  On  the  other  han<l,  a  sudden  (general)  infection  of  the 
|>eritoneum  with  large  quantities  of  excessively  malignant  organ- 
isms may  often  result  in  complete  absence  of  leucocytosis  or  a  rela- 
tively slight  rise,  followed  later  by  a  fall.  Three  cases  of  strepto- 
coccus j)eritonitis  showed  no  leucocytosis  at  any  time.  The  prospect 
of  relief  by  surgical  interference  is  best  in  those  cases  with  a  leuco- 
cytosis." Thayer  also  shows  that  a  preperforative  leuc^ocytosis  due 
to  local  ])eritoiiitis  about  deep  ulcers  may  occur.  He  adds,  how- 
ever, a  summary  of  four  cases  in  which  symptoms  suggesting  per- 
foration and  accompanied  by  leucocytosis  led  to  a  laparotomy,  yet 
in  which  no  perforation  was  found,  the  symptoms  being  due  in  one 
case  to  thrombosis  of  the  left  iliac  vein,  while  in  the  others  their 
cause  was  not  found.  In  many  of  these  cases  the  leucoc3rtosis  was 
very  transitory,  an<l  without  fi*equent  (almost  hourly)  counts  would 
have  been  ov't^rlooked. 

In  th»»  series  of  cases  of  typhoid  perforation  reported  by  Shat- 
tuck,  Warreiu  and  Co\i\)  ( Host  on  Medim!  dud  Surfjiml  Journnlj 
eJune  28th,  1900)  there  are  four  cases  of  general  peritonitis  with  no 
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IcucocytfwiB  (,'!,800,  '.,400,  7,300,  uiul  S,000),  aiid  torn-  casi's  with  j 
leucocytoBiH  (14,000,  ie,00O,  17,L'00,anri  2;t,000).  Two  i?as«-3  with  ] 
It^ucottytoHiB  (14, ^{00  aiid  l'{,200)  shtiwi'd  at  (>])emtiou  a  ]ifrf oration  I 
jirotectcd  by  local  adliesioiis.  In  umst  of  these  only  one  count  ia  I 
recorded,  so  that  the  ob^wrratiniiH  are  nf  little  value. 

There  is  no  doubt  that  leucocytosis  t/nfx  oceasionally  occur  when  I 
no  i'om]ttieatiol)  exists  sofa/-  im  irr  ran  imrertnin   ihirhnj  (iff.      Voat  \ 
of  the  cases  over  11,000   (see  the  above  Uble}  weiv  counted  n- 
peatedly  and  C4)ui plications  were  carefully  sixight  ffir,  but  non»  { 
were  found.     The  most  striking  case  showed  the  foUowinj;  coiuits : 

OcUjImt   fti 13,I(M» 

4tli 13.000 

"         8th 1«.50(( 

"         Tlh 18.»0« 

"         Bth ll.SOO 

lOth..; 10.600 

■        18ib 18.300 

"       IBth 17.700 

17lli LVilOO.  desllu  H'llnpBy. 

The  autopsy  showed  ty])ical  typhoid  lesions  and  nothing;  else.' 
Another  and  much  milder  case  showed  11,000-12,000  white  celU 
vonstanlly  for  over  two  weeks,  and  no  cause  could  be  found  to  lu-  , 
count  for  it. 

The  great  rarity  of  such  eases  and  constant  associatimt  of  Icmni-  ' 
oytosis  with  any  of  the  nuuienms  coiniilications  which  we  can  recojj-   . 
uize,  ratlier  Incliues  nie  to  the  belief  that  in  all  the  cases  in  which 
leueocytosis  exists  constantly,  some  complication  really  iji  present 
thougli  unrecognized.     The  possibility  of  a  secondary  septic  infec- 
tion,   of   an  osteoiiiyelitis,  or  phlebitis  of  internal  veins  is  very  i 
difficult  to  exclude. 

.1.     Z^/rMHrM /'«(>. —Thayer  records  7  cases  in  all,  of  which   the    ' 
Ipueocyte  count  is  very  slightly  raised  ii-/i''ii  u-e  eonipi're  if  tffVA 
thiit  MuaJh/ /oiinit  hi  lypl-iii]  (-•.-7.,  9,000,  10,000,  10,^00,  lO.fiOO, 
etc.). 

4.   2'Afo»(/<n«M—f>  cases  in  Thayer's  study  are  of  es|.ecial  tutor-  I 
est,  lieoause  the  lencocytosia  with  which  each  was  associated  ap- 
peared ill  .t  ciutes  farlicr  than  any  of  the  loi'aliiEing  symptoms,  such 
as  pain  and  if  dema- 

Thv  counts  varied  from  8,000  and  21,000  in  femoral  phlebitis 
'Tliitimbosisot  iiiieriiHl  Tcino  anil  iwieiiHiycliiiHWfrc  net  varvfullyH«rchi>4  J 
for  ni  niitopiy  slid  nmy  haw  r-xiai<"l. 
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to  24,800  in  plugging  of  the  iliac  vein.  I  have  had  two  similar 
teases. 

5.  Fleurisy — 5  cases,  all  showed  slight  leucocytosis  (10,000- 
12,000).  Only  in  the  purulent  cases  (empyema)  was  the  count 
higher  (23, 0(H),  18,000).  In  one  ease  the  tai)ping  revealed  a  bloody 
and  purulent  fluid  containing  only  typhoid  bacilli.  After  the  tap- 
ping the  leucocytes  rose  to  44,500. 

In  most  of  these  cases  the  jxM-centages  of  the  diffei*ent  varieties 
of  leucocytt*s  was  but  little  affected  (''.y.,  68  \)^v  cent  of  polynuclear 
cells  and  1.8  jx^r  cent  of  eosinophiles  with  a  count  of  23,000  leuco- 
cytes.    This  is  not  an  ordinary  leucocytosis. 

r>.  Pttftfttiottla — 5  cases,  3  with  leuc(»cytosis,  2  without  it  (ter- 
minal infections).  Both  of  those  without  leucocytosis  and  2  of 
tlie  others  i)roved  fatal.  The  counts  were  35,000,  (^,000,  8,200, 
4,000,  and  6,000.  The  neutrophiles  were  not  increased  as  much  as 
in  ordinary  leucMxjytosis.  TUrck  records  a  case  with  but  1,600  leu- 
cocytes despite  lobar  pneimionia,  and  Kohler  mentions  several  simi- 
lar cases. 

7.  liront'hitin  (severe)  and  Bronrlto-pneutnonift  —4  cases,  3 
showed  leucocytosis  (16,600,  17,200,  18,200). 

8.  periostitis — 3  cases  with  leucocytosis  reaching  22,000,  17,600, 
and  13,(K)0  (only  72  per  cent  of  polynuclear  cells  in  first  case). 

9.  Sohninxillarif  Ahsress  (Streptococcus)  with  a  maximum  coiuit 
of  18,2(K)  whicli  <levelo])ed  late  in  the  course  of  the  process.  In 
another  case  with  perforation  peritonitis,  the  submaxillary  abscess 
(st^ipliylcH'occus  and  typhoid  bacillus)  did  not  produce  any  rise  in 
the  leuctH'vtes. 

10.  Otitis  Medio  2  cases  with  leucocytosis  of  15,600  and  11,- 
8()0  (maximal).  I  have  had  10  cases  with  maximal  coimts  of 
16,400,  14,000,  11,200. 

11.  Porotitis — 3  cases,  no  leucocytosis  in  2;  in  the  other  30,- 
500  (general  infection  with  the  staj)hyl<)coccus  aureus  found  at 
autopsy. 

12.  Perirectal  Abscess — 25,100  leucocytes.  In  one  of  my  cases 
(moribund)  a  large  ischio-rectal  abscess  developed  without  produc- 
ing any  leucocytosis. 

13.  pericarditis  (dry) — 11,500  leucocytes. 

14.  Ped- Sores  (3) — 16,000  leucocytes  (average). 

15.  Conjn  net  iritis-  9.330  lucocytes  (polynuclear  cells  74  per 
(^cnt. 
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J6.  Choiect/stitis—S  cases,  all  showing  leueocytosis ;  28,500, 
21,200,  and  14,400  (maximal). 

17.  Cystitis— \\  cases,  1  with  marked  leueocytosis;  18,000. 

18.  (irfthritis—*^  cases,  1  with  1*^,700  leucocytes,  of  which  5.5 
per  cent  were  eosinophiles. 

19.  TuhfiTulosiH  (pulmonary) — 1  case  with  14,200  leucocytes,  of 
which  only  r^o  i)er  cent  were  polyiiudear.  TUrck  records  a  similar 
case  with  a  normal  leucocyte  count.  Pregnancy  and  peripheral 
neuritis  seemed  to  have  no  especial  effect  on  the  blood. 

Qftaiitatirr    ( lunitjes. 

Red  Corpusr/fs. — TUrck  notes  "the  relatively  fi*equent  ])resence 
of  marked  differences  in  the  size  of  the  red  cells  with  very  numer- 
ous dwarf  forms;  occasionally  poikilocytosis  and  polychromato- 
philia,"  i.e.,  the  changes  common  to  all  varieties  of  secondary  anae- 
mia. 

Hltitr  Cells. — Thayer's  ext^nisive  and  painstaking  studies  are 
exhibited  in  the  following  table : 

T.VBI.K    XII. 


Piilyniorpho- 

Small 

Largre 

Duclt^r 

nion<»- 

nioniH 

Eosinophiles, 

CoUDtii. 

neutn>pbil(*fi. 

nu<i««r. 

nuol(*ar. 

per  <mt. 

per  »'»»nt. 

per  j-ent. 

per  wnt. 

First  w<'ek  of  fever. . . . 

12 

74 

18 

12 

0.5 

S'cond  "           **      

89 

71 

14 

18 

O.H 

Third     **           '^      .... 

84 

6« 

21 

11 

0.8 

Fourth  **           *•      

19 

65 

20 

14 

0.4 

Fifth      "           -      .... 

H 

62 

IM 

19 

0.8 

Sixth      -          "      .... 

4 

5H 

22 

18 

00! 

First  week  apyrexia. . . 

12 

«1 

21 

1.") 

80 

8<HM)nd    •* 

< 

49 

81 

IT 

2.8 

Thinl      *- 

6 

15 

28 

85 

These  averages,  however,  cover  uj)  some  alx-rrant  jierceiitai^es. 
For  examjde,  there  was  one  case  which  in  the  first  week  showed 
15,000  leue<K'ytes,  of  which  92.. S  jH»r  <*ent  were  polymorjihoiiuclear 
neutrophiles.  No  complication  could  l)e  found.  The  lympho<'vtes 
were  but  7.7  per  cent,  and  the  eosinophiles  had  altogether  disap- 
|)ean»d.  Nine  days  after  defervescence  the  leucocytes  were  9,0iK), 
with  48..'^  j)ercentof  neutroj)hiles,  4.'^.  1  per  cent  lymphocytes,  while 
the  eosin()j)hih*s  had  risen  to  8.r>  |»er  cent. 

■   High   jxM'centages  ()f  |M)lymori)honuclear  neutropiles  s(nuetinies 
occurred  without  an  increase  in  the  total  count,  e.y.^  in  the  se<*ond 
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week  a  case  witli  8, 000  leueoeytes,  of  whidi  94.4  \k*y  <HMit  wt»re 
polyiuorphouuclear,  aiid  in  the  third  week  a  (•a»s(»  with  4,(M)0  h'lieo- 
eytes,  of  which  82  per  cent  were  polymorphonuclear. 

In  the  ninth  week  one  case  showed  12.7  i)er  cent  of  eo8inophih^s 
with  70.4  jier  cent  of  imlymorplionuclear  nentrophiles. 

Summing  up  Tliayer's  observations,  we  tind: 

1.  A  steatly  diminution  in  the  polymorphonuclears,  the  lowest 
point  being  reached  at  the  en<l  of  the  pyrexia.  This  is  an  absolute 
diminution. 

2.  A  relative  increase  in  the  lymph (M*yt<»s,  csj)ecially  the  largi'r 
forms;  absolutely  their  imml)er  is  not  much  (^hanged. 

3.  A  reducticm  (relative  and  absolute)  of  the  I'osinophilic  <;ells 
during  tlve  pyii»xia  followed  by  an  increase  in  convah»scencc,  which 
may  amimnt  to  a  consi<lerable  eosinophilia. 

TUrck's  results  are  practically  the  same,  lie  achls  tliat  eosino- 
philes  may  actually  disappear  from  the  blood  at  the  luMght  of  the 
disease,  and  considers  that  their  reap|)earanct»  or  increase  j)reviuus 
to  defervescence  augurs  a  relatively  short  course  for  thr  fi*ver,  and 
(aside  from  the  o<*currence  of  complications)  a  good  j)rognosis. 
Myelocytes  and  Iiftzifnf/Kfnrnieti  wen*  o(fca.sionally  ])rcsent  in  his 
prei)arations,  even  in  a  case  with  a  leuco|)cnia  of  4,2(X)  and  but  52 
l)er  (?ent  of  polymori)honuclear  neutr(»])hih\s. 

Sninitnii'if. 

1.  The  red  cells  suffer  to  the  extent  of  about  1,000,0(K)  in  the 
course  f»f  an  average  case,  the  ivductirm  taking  ]>la^je  gradually,  and 
Vieing  most  marked  at  the  end  of  deferves<rence  in  most  ca.H«*H. 
Sweating,  vomiting,  nr  diarrlnea  may  cans*-  (*onsiderable  transient 
elevation  in  tiie  count  of  red  cells,  while  .sudden  lossi-s  follow  iiit^'H- 
tinal  hiemorrhage.  <>rra.sionally  a  very  severe  poHt-febrile  an;f?mia 
<»ccurs.  the  ivd  cells  l)eing  reduced  nearly  to  l,fKKl,(KK)  with  the 
qualitative  changeN  of  a  grave  secondary'  an»rmia.  In  uunkX  cas«'S 
the  (jualitativf-  chaiit;es  are  slight. 

2.  Haemoglobin,  as  in  most  anaemias,  suffers  srmiewhat  more  than 
the  numlier  of  n-d  cells. 

.*'.  The  numlier  of  leuct»e\-tes  is  subnonnal  throughout  the  di.v 
ea^,  averaging?  al»iiut  .'i/N'iO  at  its  heiirht,  thou'^h  much  lower  figiiren 
are  ririiimori.  This  leucojHrnia  prf»3Tess^>  with  the  severity  and 
durari'-r,  »,f  r.\\^  inf^-etion.  TmM  l»ath>  cause  an  immediate  tran^'ient 
incresL^i!-  in  the  numlier  of  l^-urii-yte'i  in  the  fjeripheral  cirriilatTon, 
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lui  iiidi'eaHu  whii-h  may  aiQDUnt  t^i  iloublf  »i'  tri]>li:  the  imiiiber  befoi«4 
tbe  bath. 

]}ilTen>iittal  taunts  sUitw,  iluiiii);  tlitt  febriltt  |M;riiid,  ii  prot^reseive  I 
(liiuinutiuu  iu  the  iiiiiiiIk-i'  ajul  jMrtvutage  uf  th«  [>ulyiini-leai'  cvUs^  1 
with  a  ii)rrfn|K>uiliiig  riHe  iu  the  iieirt^nta^^  of  l>nii[>h(ii;yti*Jt  Hitdl 
)ai'K<'  moiiiinuc-lfai'  ixUa,  aiitl  a  great  iluniinitioii  ur  evt>n  diaapitear- j 
MUf  lit  iiu-  hOBiuiijihilHii.  Ill  cdUvaleiiueiK^  th«  (leriviitage  of  eusino- 1 
(ihilt^H  markeilly  iiicii-ase«,  ufti-ii  Ijefore  the  otlier  fonufi  have  i 
siiiiii-il  t)i«'ir  niiriiiiil  imiiibers. 

4.  MuHt  ciiiii|iliiMtioiiH,  pttpei'iiilly  iiitLuiuiiatitmti,  jiroUutw  a  IfU- 
i-iH^ytnuis,  but  a  partirulurly  uiiiliguant  iufectiun  may  he  followed  by  1 
no  increase  and  even  by  a  diminution  in  the  number  of  Ifurocyt^S. 
Ill  many  of  the  leuc<H!yto»i*M  following  coraplii-iitioiiM  thi?  percvnta)^  ] 
of  polymorphonuelear  eells  ihies  not  rise. 

Diiii/ii'intii-    I'li/ur. 

There  am  few  diHeawH  (outflide  of  those  known  uh  diwKBes  oC  1 
thi-  bloud  itself)  in  whii-li  thit  blood  fount  in  mo  often  of  value  ia  J 
diaitnusiK.  The  diagnonia  of  tj'phoid  fever  is  made  by  exolusion— -J 
pxcliisiun  uf  other  eauses  of  fever  and  of  Uirai  inflammatory  processoiJ 
in  partiinilar. 

1.    In  Ihiii  piiMvss  of  exi'luxiiHi,  the  bliHMl   is  a  moHt  {lowprfolj 
Hiljuvant,  inaHiiiucb  aa  almost  all  I'ir-il  inj/rniiimit'irr/ /•/■"mmfii  h»o*  I 
Uiii-ori/Trmti,  u-hili-  ti/jihiiid   (uni'oliiplietitcd}   ilm-K  tint.       I    n'c«lltwol 
(■attos  in  whieh  the  chart  and  nyniptoms  pointed  b)  typhoid,  but  i 
whi<^h  the  |>erNi»teiit  miirWi'd  leuiw-ytosia  ilirei'tcd  attimtioii  to  tlM  I 
iteareh  for  an  inilammatory  focna.     I(oth  wei-e  at  tirat  unattended 
with  pain,  t^ndenieiis,  or  otJiiT  liHtuliziuf;;  Hymphim,  lint  later  s 
and  flyiu]>t<iiuH  tie^an  tit  iwint  to  the  Uvri;  from  whieh  pus  wu 
I'vatHiatcd  by  |ium'turi'.      Thest*  ttasea  of  nlmrriui  'if  th"  tifrr  are  ^pi* 
eal  of  the  value  of  bloml  examination  for  any  deep-aeated  auppn-  j 
ration.      I   have  seen  ^xid  eliniciHiiii  puKxled  for  twvnty-four  honn  1 
over  the  diagUosiH  lx>tween  appendicitis  and  typhoiil,  but  tli«  indt^ '] 
t'Ation  of  the  bhiod  nimnt  wah  always   fultilled.      I'yipinir  or  aepti- 
(wmie    proeesses   are  nanany  distinguinhable  from  typhoid  by  the   I 
same  U^t — the  pirnenne  of  leiieiK'ytjisiH  in  the  fnnner. 

Of  the  value  of  the  blood  in  diHtin^iishing  certain  caaesof  paen.- 
monia  fnim  typhnid  I  have  already  spoken  on  p.  ISo. 

'J.  Axide  from  loval  or  general  iiyogenic  infeetitms  iH-rhaps  U»  J 
disejiw  m.wt  often  i-onfounded  with   typln.id    ii  mnhir!;.     This  i 
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especially  the  ease  in  the  southern  part  of  this  country,  where  for 
want  of  proper  blood  examination  the  confusion  of  the  two  diseases 
is  indicated  in  such  a  term  as  " typho-malarial  fever.''  Malaria 
and  typhoid  are  alike  in  having  no  leucocytosis,  but  the  presence 
of  the  malarial  parasite  is  an  absohite  test  and  in  marked  cases  is 
always  decisive.  Vei-v  mihl  eases  of  malaria  mav  show  so  few 
organisms  in  the  jieripheral  circulation  that  without  i)n^h>nged 
search  they  cannot  l)e  found,  and  in  the  severest  tyj>es  of  all,  the 
organisms  are  not  very  abundant.  In  the  vast  majority  of  cases, 
however,  the  organism  can  l)e  readily  found  and  our  diagnosis  made 
certain. 

.'^.  Tiihfi'TulmiH,  local  or  miliary,  if  uncomplicated  by  any  pyo- 
genic organisms,  cannot  be  distinguished  from  ty])hoid  by  the  blood 
count  alone,  as  neither  disease  shows  leucocytosis,  but  here  the 
Widal  reaction  (see  p.  458 ">,  comes  to  our  n^scue. 

A  large  pro|M)ition  of  lymj)hocytes  is  commoner  in  typhoid  than 
in  tuberculosis,  but  it  may  (K^cur  in  either  disease.  In  the  majority 
of  cases,  however,  tuberculosis  is  complicatt>d  with  sej)ticiemia  from 
a  seccmdary  j)yogenic  infection,  and  is  then  easily  distinguished  by 
the  existence  of  leuecwytosis. 

4.  Tifphiis  p'rt'r  has  not  been  well  studied  and  the  report^s  of 
its  bl<M)d  contlition  are  contradictor}*.  At  prestMit  we  cannot  say 
whether  or  not  it  can  Ix*  distinguished  from  typhoid  by  the  blood 
examination.  In  most  cases  the  absence  of  a  serum  rea(*tion  will 
exclude  typhus. 

/).  Two  cases  of  erythema  nodosum  with  fever  l)etween  101°  and 
\0'X'  gave  me  trouble  in  diagnosis  lately,  in  both  the  blood  was 
normal  and  differed  from  typlioid  only  by  the  absence  of  a  serum 
reaction.  Thayer  has  reported  a  similar  case  (Inv,  n't.y  j).  o.*^),  in 
wliich,  however,  there  was  a  marked  leucHx^ytosis  throughout. 

<».  Tn'r/tuiinsis  may  run  a  (iourse  quite  indistinguishable  clini- 
C4illy  from  that  of  ty phoi<l,  but  the  presence  in  trichiniasis  of  a  hMi- 
eocvtosis  witli  marked  eosinophilia  and  the  absence  of  Widal's  reac- 
tion will  decide  anv  case  of  doubt. 

« • 

7.  Most  auto-intoxications  (])tomain  poisoning)  product*  leuco- 
cytosis, and  can  tlnnvfore  In*  distinguished  from  typhoid. 

8.  Mfni/if/!fis,  especrjally  in  its  epidemic  cerebro-spinal  form,  has 

many  symptoms  like  those  of  typhoid,  but  it  always  produces  leuco- 

cyttjsis,  an<l  is  never  associated  with  Widal's  serum  reaction. 

y.    Frnin  Influt'itr:*!  tvphoid  ('annot  l)e  distinguished  by  the  blood 
]4 
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uouut,  iu  neither  of  them  pnHliices  leuooeytoais.     Here  the  bloodi 
gives  aid  only  through  the  seiuiu  reaction. 

10.  Ariitr  InjWtious  Dygrnli-ry  may  present  (especially  In  thfl  1 
tropics)  many  features  that  remind  uh  of  typhoid.  As  a  rule  ifc  1 
pnxluceH  no  loucocytosia,  but  it  is  ditttiiij^ishable  from  typhoid  bjrj 
the  presence  of  Widal's  reaction  in  the  latter. 

Th(*  occurrence  of  (i)uiplicati<ms  in  typhoid  may  mask  its  chiir-  1 
acteristic  blood  chants  so  as  to  make  the  blood  useless  in  dia(fU"« 
but  in  most  early  cases,  in  which  the  diagnosis  is  esi>ei'ially  imiiortmit  1 
aad  difficult,  the  blood  shows  no  leucocytosis  and  is  therefore  of  I 
great  value  in  the  exclusion  of  other  diseases. 

In  prognosis  Xacgeli  {Drut.  Ai-rh.J^r  klin.  Afrd.,  vol.  Ixvii., 
279)  agrees  with  Turck  in  regarding  the  persistence  or  early  reap- 1 
pearaiice  of  eosinophiles  «s  a  favorable  sign,  and  believes  that  al 
normal  uumlwr  of  polynuclear  cells  is  a  good  sign  when  the  outlook  1 
is  more  serious,  if  the  leui^ocyte  count  is  very  low  and  does  not  iu*~  J 
crease  during  complications. 

IHPHTHERIA. 

Bacilli  of  diphtheria  in  the  circulating  blocul  are  practically  j 
never  to  be  found. 

The  specilic  gravity,  according  to  Grawitx,  '\s  ahui-e  normal  at 
the  height  of  the  disease.     He  obtained  the  same  result  experi- 
mentally by  injecting  cultures  of   the   Klebs-L6ftler  bacillus  into   ' 
dogs  and  rabbits.     He  concludes  that  the  poisuu  of  the  ilisease  is 
lyniphagugic  and  so  concentrates  the  blood. 

Rtvl  Cor/tmr/iv. — Morse's'  investigations  show  an  average  of  1 
5,100,000  in  twenty  cases  counted  during  the  first  week  of  the  ilia-  ' 
ease  and  of  A,lfiU,000  in  10  cases  during  tlie  second  and  third  week  . 
of  tlie  ditwase  — practically  normal  figures. 

These  are  the  first  systeuiatic'  investigations  of  the  n*d  itIIs  in 
diphtheria  and  are  confirmed  by  the  rejxtrts  of  Ewiug,  tingel,  and 
Itillings.     The  latter  observer  in  counts  uiade  in  seven  oases  during    ' 
the  frst  five  days  of  illness  fouml  an  average  of  .">,iJ00,000+  red 
oelU  per  cubic  millimetre.     During  the  first  five  tu  ten'  days  after 

■  Buatvn  Hudleul  aud  Burgical  Journal,  March  7Ui.  \iflli. 
*  Karilcr  reports  are  faulty  as  lu  Ii-c1mlqu«, 


DIPHTHERIA.  211 

this,  the  same  cases  showed  an  average  loss  of  510,000  cells  per 
cubic  millimetre ;  live  out  of  the  seven  showing  considerable  losses, 
two  remaining  about  the  same.  These  were  cases  treated  without 
antitoxin.  The  two  cases  showing  no  loss  of  red  cells  were  both 
very  mild,  one  having  no  membrane  at  any  time.  The  diminution 
ranged  from  470,000  (third  day)  to  2,040,000  (sixth  day).  As  a 
rule  no  diminution  can  be  made  out  until  after  the  third  or  fourth 
day. 

Out  of  twenty-three  cases  treated  with  antitoxin  and  each 
counted  several  times  over,  only  three  showed  any  considerable 
diminution  in  the  red  cells  and  these  lost  less  than  400,000  each, 
not  much  beyond  the  limit  of  error  (200,000)  allowed  for  by  the 
investigator,  and  all  of  them  severe  cases.  Six  patients  who  wei*e 
anaemic  when  admitted  (average  =  4, (>40, 000)  showed  a  steady  rhe 
in  the  red  cells  as  the  disease  (treated  with  antitoxin)  progressed. 

It  is  evident  from  these  figures  that  antitoxin  largely  prevents 
the  anaemia  which  usually  develops  in  the  first  five  to  ten  days.  In 
cases  not  treated  with  antitoxin  the  regeneration  fnmi  the  resulting 
anaemia  is  slow.  Healthy  individuals  injected  with  antitoxin 
showed  a  very  moderate  reduction  in  the  red  cells  in  about  one-half 
the  cases,  the  greatest  loss  being  932,000  per  cubic  millimetre  (fif- 
teen cases  counted  by  Billings). 

Qualitative  Changes. — Billings'  careful  study  of  stained  speci- 
mens showed  no  deformities  in  size  or  shape  and  no  nucleated  red 
cells,  but  Engel  has  found  normoblasts.  Polychromatophilic  i*ed 
corpuscles  were  very  few  in  the  cases  in  which  antitoxin  was 
used,  but  more  numerous  when  it  was  not  used. 

Hannoglohiii. — Here  again  the  most  thorough  investigations  are 
those  of  Billings.  In  cases  treated  without  antitoxin  thei-e  was  an 
average  loss  of  ten  jjer  cent,  regained  in  part  during  convalescence, 
but  as  usual  reaching  normal  later  than  the  count  of  corpuscles. 
When  antitoxin  was  given,  the  diminution  of  liaemoglobin  was  less 
marked,  but  when  the  deci*ease  did  occur  the  return  to  normal  was 
slow  cimi pared  to  that  of  the  red  cells,  even  when  the  patients  wei*e 
up  and  about  and  apparently  well. 

White  Corpuscles. — Leaving  out  the  older  observations  in  which 
the  technique  was  probably  faulty,  the  principal  investigators  are 
Morse,  P]wing,  Gabritschewsky,  Billings,  Fil^,  and  Engel. 

All  agree  that  a  considerable  leueocytosis  is  present  in  most  cases 
— Ii4  out  of  tS<)  of  Billings'  eases,  2(5  out  of  ^^of  Morse's  (the  latter 
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uatle  but  one  count  iu  each  case),  4i)  out  of  aj  of  EwJng's.  ] 
gi-iii'ml  way,  thu  severest  cases  show  the  greatest  leueoeytosis,  but  .■ 
it  does  not  follow  the  pulse,  temperature,  nor  the  extent  of  thdj 
membrane,  and  "the  uixlinary  eliuii-al  ejiaiuination  of  the  patieatl 
in  of  much  greater  value  in  .  ,  .  prognosis  ,  .  .  than  any  infor-1 
uiation  to  lie  gained  (rom  the  examination  of  the  bloiMl,  The  latter  I 
is  simply  confirmatory,  never  indispensable"  (Billint^s).  Murse'ftJ 
eoncliisions  ai-e  tlie  same,  although  he  considers  that  with  notable  | 
exceptions  the  amount  of  membrane  is  a  rough  measure  of  the  de-  i 
gree  of  leuco(?yt<»sis.  He  fiJids  no  corresjwndence  between  the  glan- 
dular swellings  and  Clie  degi'ee  of  leucocytosis,  though  he  noted  I 
that  "in  the  fatal  'septic  '  eases  with  greatly  enlarged  glands,"  v 
high  counts  were  present.  Other  cases  with  little  or  no  enlarge-  J 
mejit  of  glands  showed  eijnally  high  counts,  however. 

(Swing's  4  cases  without  leucocytosis  were  all  mild,  but  of  Bil-  I 
lings'  2  caties  without  leucocytosia  one  was  the  severest  of  his  whol«  | 
series,  while  the  other  was  mild.     Of  Morse's  4  cases  without  leil- 
eocytosis.l  were  mild  and  I  was  severe.     G ah ritsehew sky's  ]4cas«B  J 
all  showed  leucocytosis- 

I'utting  the  results  of  these  four  observers  together  we  see  that  | 
when  leucocytosis  is  absent  the  eases  are  cit/ier  very  mild  or  < 
severe,  conditions  analijgons  to  those  to  be  noted  in  pneumonia  and  I 
sejitii'ieinia.  The  counts  in  recent  epidemics  range  from  normal  to  I 
4»,000  (Morse)  or  to  :!8,l)00  (Hillings).  Felsenthal '  found  iVi,'J29  I 
pereuliin  millimetre  iu  one  <'a8e,  and  Bouehut's'  eounts  are  «ft»B  | 
over  75,000. 

In  a  general  way  the  eonnts  rise  while  the  disease  progresses  I 
and  fall  gradually  as  improvement  goes  ou,  lUsapjiearing  after  the  I 
mendirane.  "The  lenco*-ytosis  is  well  marked  by  the  third  day  I 
and  very  likely  earlier"  (Morsel.  Hillings  founii  an  inen-ase  after  J 
one  day's  ilhiess,  hut  mmally  less  than  was  present  later  in  tlie  dia-; 
easi';  one  of  his  eases,  however,  hud  a  higher  eount  on  the  first  dafa 
of  the  disease  than  on  any  »nbse<(uent  day,  though  no  antifixiu  v 
given. 

The  injection  of  antitoxin  has  apparently  nti  etlect  Upon  the  ; 

leucocyte  utmnt  (strange   to  say)  except  in  the  Hrst  tweuty-fuur  | 

hours  after  its  use.     Iinmediately,  i.r.,  within  thirty  minutes  after   : 

an  injection,  the  leur-oeytes  are  stated  by  Ewiug  to  he.  coiisideraldj' 

'An-lih  r  Ktti<Ierli<-ilk  .  vi.l   xv..  |>.  TH.  189». 

'Ci>Mit>I<-i.  Ri-iiilii«.  1877,  l»*y..  No.  S. 
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diminished,  but  the  leucocyte  curve  does  not  reach  normal  any 
sooner  than  in  cases  in  which  no  antitoxin  is  given,  although  it  l)e- 
gins  to  fall  in  the  majority  of  oases  after  the  injection.  The  same 
thing  (according  to  Billings)  takes  place  without  antitoxin. 

The  leucocytes  of  healtliy  j)ersons  are  likewise  unaffected  by 
antitoxin  injections. 

Quftfitfitire  ChotKjes, — All  authors  agi*ee  that  in  most  cases  tlie 
neutrophiles  are  increased.  Morse  found  an  average  of  80  per  cent 
in  2(>  of  his  .^  cases.  Of  the  other  4,  1  was  normal  and  .S  were  sub- 
normal (58,  r>9,  and  59  iH»r  cent) ;  2  of  these  were  (convalescent,  the 
other  had  l)een  sick  a  week  and  had  12,000  whitt*  cells  per  cubic 
millimetre.  A  marked  lymj)hocytosis  was  present  in  2  of  Ewing's 
ryl^  cases,  4t{,200,  and  l.'^,9r)0  absolute.'  In  Billings'  cases  the  poly- 
morplionuclear  varieties  averaged  80  i)er  cent  and  the  lymphocytes 
19  })er  cent,  tlie  eosinophih»s  l)eing  reduced  to  1  per  cent  on  the 
average  and  often  being  entirely  absent.  With  Morse  eosinophiles 
averaged  2  })er  cent. 

The  proportion  of  polymorphonuclear  cells  is  usually  directly 
proportional  to  the  total  increase  of  leucocytes. 

Ewing  thinks  that  **the  staining  inaction  of  the  leucocytes  is  an 
accurate  measure  of  the  severity  of  the  diphtheritic  infection,'*  and 
this  staining  reaction  he  finds  increased  in  favorable  cases  by  the 
injection  of  antitoxin. 

Hillings  <lid  not  find  any  such  changes  in  **  staining  i-eac^tion," 
though  he  claims  to  have  carefully  followed  out  Kwing'spnH^edures. 

Engel  *  found  that  antitoxin  at  first  sliglitly  inci*eased  the  per- 
centage of  lympliocytes,  and  sometimes  this  increase  was  very 
marke<l.  In  one  case  the  lym])hocytes  increased  from  24  to  65  j)er 
cent  after  antitoxin. 

The  j)oint  on  which  he  si)ecially  insists  is  the  pi*est»nce  of  con- 
siderable numlHMs  of  niifelorijt*'H  in  fatal  cases. 

Of  the  patients  examined  by  liim  17  died,  and  9  of  these  had 
fnmi  3.(>  t()  1(5.8  myelocytes  in  everyone  hundrtMl  leucocytes.  My- 
elocyt^'s  were  also  j)resent  in  some  of  tlie  patients  who  i*ecovered, 
but  in  smaller  numlKM-s  (1..S  to  1.5  ])*»r  cent). 

In  one  ca.sf  he  found  on  the  third  day  of  the  disease  4.3  per  cent 
of  myelocyt<»s,  and  from  tliis  j)oint  the  |HMventage  gradually  rose  to 

'  hi  a  case  of  KicikT's,  aged  \\\rw  years,  the  lymplKK'ytes  n)9e  from  19  per 
rent  during  the  fcviT  to  04  per  cent  in  convah'sccnco. 
"Gcscllsch.  f.  innere  Med.,  Herlin.  Julv  Otii.  1896. 
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l.'i.8  per  ueiit,  aiid  then  fell,  there  being  1.7  per  cent  present  at  the 
time  of  death.  An  abscess  occurring  in  the  case  showed  only  the 
usual  polymorphonuclear  leucocytes  in  its  contents.  He  concluded 
that  a  lai'ge  ])ercentage  of  myel(K*ytes  is  a  bad  prognostic  sign  in 
any  case. 

Myelocytes  ai-e  not  mentioned  in  any  of  the  numerous  differential 
counts  made  by  Gabritschewsky,  Ewing,  Morse,  and  Billings,  so  that 
En  gel' s  observation  is  so  far  unique. 

Sum  mart/. 

1.  Moderate  ansemia,  especially  in  cases  treated  without  anti- 
toxin.    Regeneration  is  slow. 

2.  Leucocytosis,  very  roughly  parallel  to  the  severity  of  the  dis- 
ea.se,  unatfect^d  by  antitoxin  treatment,  gradually  decreasing  as  the 
dist^ase  j)asses  oflF,  sometimes  absent  in  very  mild  or  very  severe 
(•ases. 

.S.  Polymorphonuclear  leuco<*ytes  much  increased  during  febrile 
stages,  often  diminished  in  convalescents*. 

4.   Myelmytes  numerous  in  stmie  severt»  cases. 

The  blood  examination  has  no  diagnostic  value  so  far  as  I  can 
Ht'se ;  in  prognosis  the  absence  of  leiUHwytosis  (except  in  obviously 
mild  cases)  and  the  presence  of  many  myelocytes  are  appai-ently 
bad  signs. 


CHAPTER    IV. 

ACUTE  INFECTIOUS  DISEASES  (CONTINUED). 

SCARLET  FEVER. 

Heubnek'  noted  hsemoglobinaemia  in  one  case.  Fibrin  is  not 
increased  even  at  the  height  of  the  fever,  provided  infiaminatorj 
complications  are  absent. 

liffd  C*'/h, — Very  little  is  to  be  found  in  literature  upon  the  sub- 
ject. Kotschetkoff '  noted  a  gi'adual  diminution  of  the  I'ed  cells  to 
about  3,000,000,  regenei-ation  taking  place  in  the  course  of  not  less 
than  six  weeks.     Other  observers  have  found  little  or  no  anaemia. 

Hayem'  estimates  the  average  loss  of  red  cells  at  1,000,000.  In 
mild  cases  he  finds  the  lowest  figures  on  the  first  day  of  normal 
temj)eratun*.  In  severer  cases  in  which  the  fever  comes  down 
slowly,  the  red  cells  may  not  reach  their  minimum  till  twenty-four 
hours  afttn*  the  nonnal  ttunperatiire  is  regained. 

Felsenthal '  in  six  cases  found  the  (unint  to  be  4,500,000  to 
5,500,000— no  considerable  variation  from  normal. 

Zai)i>ert '  in  six  cases  found  it  to  be  from  .S,920,000  to  4,500,000, 
an  average  of  4,150,000.  Nonnoblasts  are  occasionally  seen  —as  in 
one  of  TUrck's  cases,  and  the  normal  variations  in  size  and  shape 
are  t'xaji:gerated. 

Whit*'  Cella,  —  Most  observers  are  agreed  that  leurocytosU  is  the 
ruh>^  contrasting  in  this  resj^ect  with  measles,  in  which  no  leuco- 
cytosis  occurs.  The  increase  may  be  present  even  six  days  before 
the  rash  apjHiars  and  attains  its  maximum  two  or  three  days  after 
the  eruption.  In  light  cases  it  may  sink  to  normal  even  before  the 
fev(»r  is  gone,  while  in  severer  cases  it  may  ])ersist  sert'rnl  tfat/s  after 
normal  temperature  is  rfaehetl.     Von  Limbeck  had  a  case  in  which 

•  Dent.  Arch.  f.  klin.  Men!.,  vol.  xxiii. 
"Rcf.  in  Pctorshurg.  med.  Wch'Ii.,  1892,  I. 

*  htr.  rit..  p.  914. 

*Ar(h.  f.  Kindcrhrilk..  18»2.  ]).  80. 
•Zcit.  f.  klin.  MhI..  1893.  p.  292. 


216  SPECIAL  PATHOLOGY   OF  THE   BLOOD. 

the  leucocytosis  persisted  for  twelve  days  after  the  temperature  had 
become  normal.  Forty  thousand  per  cubic  millimetre  is  not  un- 
usual in  well-marked  cases.  Rieder's  ten  cases  averaged  17,500; 
Felsenthal's  six  counts  were  between  18,000  and  .^,000.  My  own 
are  similar. 

In  a  general  way  the  severest  cases  are  ajit  to  have  the  highest 
leucocyte  counts ;  the  figui-es  have  no  direct  relation  to  the  amount 
of  fever,  glandular  swelling,  or  to  complications  in  the  ear  or 
kidney. 

Qimlitattre  Changes. — The  polymorphonuclear  forms  are  in- 
creased, often  to  90  per  cent,  soon  falling  except  in  the  worst 
cases.  The  peculiai*  characteristic  of  the  disease  is  the  i>ersistence 
of  eosinophiles  in  all  but  the  severest  cases  despite  tlie  inci-ease  of 
polymorphonuclear  forms.  The  only  other  infections  of  which  this 
is  true  are  tetanus  and  acute  articular  rheumatism.  They  may  run 
as  high  as  5  per  cent  during  the  fever,  and  are  still  more  numerous 
in  convalescence,  remaining  increased  for  six  weeks.  According  to 
Kotschetkoff,  disappearance  of  eosinophiles  is  a  bad  prognostic  sign 
except  at  the  very  beginning  of  the  fever,  when  tliey  may  be  tem- 
porarily absent  in  favorable  cases.  Presumably  they  have  some 
connection  with  the  exanthem,  eosinophilia  being  so  common  in 
connection  with  skin  lesions.  They  may  number.  15  to  20  per  c^nt 
of  the  leucocytes  in  convalescence  (Bensaude).  TUrck  repoi-ts  14.3 
per  cent  (1,800  absolute)  in  one  case  and  13.3  (800  absolute)  in  an- 
other. FelsenthaPs  average  is  5  per  cent;  Zappert's,  3  percent. 
The  lymphocytes  are  decreased  proportionately  to  the  severity  of 
the  case,  the  worst  cases  showing  only  2  to  4  per  cent. 

An  increase  of  eosinophiles  during  a  scarlatinal  nepliritis  is  re- 
garded by  Neusser  and  his  pupils  as  a  favorable  sign,  and  their  ab- 
sence as  ominous.  In  ordinary  cases  without  nephritis  they  reach 
their  maximum  in  the  second  or  third  week  and  are  not  normal  till 
the  sixth.  In  the  active  stages  of  the  disease  myelocytes,  transi- 
tional neutrophiles,  and  "  stimulation  forms  "  occur. 

Suwviarif. 

Moderate  anaemia. 

Leucocytosis  lieginning  before  the  eruption  and  often  lasting  into 
convalescence. 

Eosinophiles  said  to  be  increased  in  favorable  cases,  absent  in 
bad  cases. 


MEASLES. 
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DiofjnoHtic  and  l^rofjiiostic    Value, 

1.  The  chief  importance  of  the  blood  examination  is  in  distin- 
guishing the  disease  from  measles  and  the  eruptions  of  other  dis- 
eases.    Measles  has  no  leucocytosis. 

2.  Whether  the  prognostic  significance  attached  by  Neusser  and 
others  to  the  percentage  of  eosinophils  is  genuine  or  not,  cannot  as 
yet  be  positively  stated. 

MEASLES. 

In  mild  cases  the  blood  shows  no  changes  at  all.  WTien  bron- 
chitis, coryza,  and  conjunctivitis  are  very  marked,  tibrin  may  be 
increased. 

Red  Cells. — In  mild  cases  no  change — never  over  400,000  or 
500,000  red  cells  are  lost  (Hayem) .  Felsenthal's  eight  cases  showed 
counts  of  5,000,000  to  5,500,000. 

White  Cells. — There  is  no  leucocytosis,  often  a  leucopenia  dur- 
ing the  eruptive  stage.  In  convalescence  the  lymphocytes  and  es- 
pecially the  large  mononuclear  forms  are  increased.  Felsenthal  in 
eight  cases  found  the  count  normal  or  diminished.  P^e  found  but 
4,000  in  a  case  with  a  fever  of  102.7''.  Rieder's  eight  cases  aver- 
aged 7,500,  being  lowest  at  the  height  of  the  disease  and  increasing 
as  fever  passed  off.  Comi)lication  with  catarrhal  pneumonia  or  a 
very  bad  bronchitis  and  coiyza,  may  slightly  raise  the  count.  The 
eosinophiles,  contrary  to  the  example  of  scarlet  fever,  are  often 
diminished  during  feVer. 

The  Massachusetts  General  Hospital  records  furnish  the  follow- 
ing counts : 

Table  XIIL — Meahleh. 


Age. 

Sex. 

•    • 

4 

11 

•    • 

88 

M. 

8 

M. 

21 

■    • 

23 

F. 

4 

M. 

10 

M. 

53 

F. 

33 

F. 

14 

•  • 

lied  celb. 


4,700,(K)0 


5,000,000 


Per  cent 

White  cellH. 

haemo- 

globin. 

11.000 

•  . 

10.1(H) 

. . 

9.000 

65 

9.000 

•   * 

8,200 

•   • 

8.000 

68 

7.000 

60 

6.000 

•   • 

6.000 

•  • 

6.(MK) 

•   • 

3.r)(H) 

8.5(M) 

67 

Remarks. 


Rash  out:  t^mp.  104\ 

**  Black  measles  " ;  petechia;. 
I)iffert»ntial  count  nomml. 
liash  out ;   temp.  103  . 
104' :  eruption  out. 
Eruption  just  out. 
103";   three  days  Iwfore  the  erup- 
tion; differential  count  normal. 
Eru]>tion  out  one  dav. 
Eruption  out  tlirt»e  days. 


1.4(M) 
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Felsenthal  found  the  jiolyinorphonuclear  eells  much  iiicreaaf^ 
and  eowinophilfs  nt-Vfr  nver  one  pi.'r  i-eiit.  In  my  own  casi'-s  the 
diRervDtial  counts  were  nonnvi.  The  ptilue  of  th*^  blood  Kxaniina- 
tioii  is  Fonsiderabli^  in  i-x<-liidiug  Hc^rlet  fever,  diphtheria,  and 
syi»hilitio  roseola,  all  of  which  shtiw  IcnciH-ytoaift.  It  oannot  ap- 
paieiitly  be  distinguished  by  ihe  blood  count  from  rSthfln  (German 
measles),  in  two  <'aae«  of  whii'h,  seen  at  the  MaAsat'hu setts  General 
H<i8[)ital,  the  white  cells  were  li.WW  and  8,000  respectively. 

Mr  MPS, 
Five  cases  of  mum/m  under  my  I'Jire  showed  no  leucocytosis. 
TUrck  ou  the  other  hand  records  one  case  with  marked  leuoooytoaia. 
I>ata  are  very  wanty  re|{ardin|{  the  disease. 

WITOnPISfJCOfOH. 

Meunier  {Aty-hu'.  J.  M'll.idlfg  ./r-  /'^i./on.v,  April,  1898)  r«- 
port«'d  studies  in  10^  iuum-b  uf  whcK>ping- cough.  Lymphocytosis  is 
early  and  constant.  The  counts  averaged  :i2,700  in  the  cases  ex* 
aniincd  during  the  cjitarrhal  st^ige  and  liefuiv  the  a<lvent  of  typical 
'■whiMjpiUB"  paroxysms.  In  the  paruxysinal  stage  the  leucocytes 
average  40,000— the  Hiaxinnim  lieing/il.U'oO.  In  infants  under  four 
yeai-s  tlie  leucocylosia  is  far  more  intense  than  in  older  children. 
AfU-r  the  fourth  year  U.e  count  nnis  from  12,(«>0  to  18,000.  All 
the  varieties  of  leucocytes  aii'  iucivased,  but  the  lynij'hocytea  are 
relatively  an  well  as  aliwduti'ly  increased-  a  true  lymphocytosis 
jH'rhai»t  due  to  stimulation  of  the  bronchial  lymph  glands. 

Meunier  found  no  such  changes  in  tlie  bli«Hl  of  cases  bronchitis 
or  tracheitis,  and  suggests  that  the  bloorl  count  may  be  of  use  in  the 
investigation  of  doubtful  epidemics  in  schiuds  or  hospitals. 

The  following  case  exemplifies  these  rules  (see  also  p.  195}. 
T  .ui-K  XIV -Wii<wi'is«-Con.H. 


Aiis 

tMinih. 

Wh,,-™,^ 

^™,. 

8 

S.1M.000 

75,000 
90,000 

47 

jui>  aai, 

Poljniiclcar.    42. 
Ljiiipbocyn*,  B7. 
Eosinophils,      1. 
August  tmb. 
August  81st. 
Polynuclear.     M. 

a 

1(3.  WNI 

1  Lympliocyics,  tl». 
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These  results  have  been  coniirmed  by  De  Amieis,  Ciiua,  and 
others. 

SMALLPOX  (VARIOLA). 

Red  Cells, — According  to  Hayem  no  other  fever  is  so  destructive 
of  red  (!ells.  During  the  fever  the  count  is  normal  or  increased,  but 
when  the  temperature  falls  i)ermanently  the  number  of  red  cells  falls 
suddenly,  whether  because  the  blood  is  diluted  (see  above,  p.  188j 
or  by  a  real  destruction.  From  this  time  on  the  cells  are  slowly 
regenerated ;  even  at  the  fifteenth  day  Hayem  found  them  consider- 
ably below  normal. 

In  hemorrhagic  cases  the  anaemia  comes  on  more  quickly,  its 
degree  depending  on  the  amount  of  hemorrhage.  In  one  patient, 
dying  on  the  seventh  day  of  the  emption,  Hayem  found  but  2,000,- 
000  red  cells,  in  another  at  the  same  stage,  4,(>00,000. 

Fibrin  is  not  increased  until  the  stage  of  suppuration  is  reached. 

Leucorifte^^i, 

In  Pick's  report  on  42  cases  no  leucocytosis  is  recorded  until  the 
appearance  of  vesicles. 

Elaborate  studies  in  the  blood  of  smallpox  have  lately  been  pub- 
lished by  Weil,'  and  by  Courmont  and  Montagard.'  These  studies 
are  (ronciu'ned  especially  with  the  leucocytes.  In  Weil's  series  of 
.SG  cases  the  counts  ranged  between  f>,000  and  10,000  in  6  cases, 
between  0,000  and  13,000  in  13  cases,  exceeding  15,000  in  9  cases, 
exceeding  20,000  in  3  cases,  25,000  in  3  cases,  30,000  in  1  case, 
35,000  in  1  case. 

One  case  ranged  from  3,000  to  6,000  during  the  whole  course  of 
the  disease,  except  on  the  day  of  vesiculation  (24,000),  but  this  is 
very  rare,  and  the  leucocytes  are  usually  increased  from  the  l)egin- 
ning.  The  inci-ease  is  usually  most  intense  at  the  time  of  vesicula- 
tion and  from  that  time  d(H*s  not  vary  nc^tably  until  after  pustulation, 
when  it  slowly  declines  until  in  convalescence  a  subnormal  count  is 
reached.     In  hemorrhagic  cases  the  increase  is  usually  less  marked. 

A  sudden  drop  in  the  leucoc3rte  count  may  occur  in  the  fatal 
suppurating  or  hemorrhagica  forms.  For  exami)le,  in  2  fatal  sup- 
])u rating  cases  the  leucocytes  droj)ped  from  24,000  and  18,000  to 
6,200.      In  one  hemorrhagi<r  case  on  the  dying  day  counts  of  6,200, 

'Soc.  (le  Kic»l..  .luiu'  29th.  19<H). 

«S<)c.  de.Biol..  June  22d,  1900;  July  6th.  1900. 
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6,flflO,  and  4,400  weiv  ifonnleil.  A  sudden  drojj  in  the  leunMytes 
is  then  3  btui  jimgiKistic  sifjni  (from  this  nptiUDii  Cournioiit  and 
MoiitajjartI  ilissetiti. 

Com plic-Kti oils  iKW.urriiig  iii  r-imvalescciice  [inidin-e  a  su'cotiil  rise 
iu  the  le lipocytes. 

The  inost  signJtidaiit  factiu  the  blootl  of  v&riola,  an(.firdiiigtot)ifl 
writers  already  quoted,  is  the  iin-reHse  in  nioiioiiuelear  cells.  The 
perceiilage  of  )K>lyiiU(-lear  cells,  instead  of  lieitig  increased  us  iu  luitst 
infectious  diseases,  is  from  the  outset  dimiiiishei)  {i.e.,  40  to  iiO  lM>r 
cent),  and  may  go  as  low  as  14  to  20  ])er  cent.  Eosinojihilea  raii)^ 
from  noniial  (l-^  per  cent)  at  the  lieginnin);  of  the  disease,  duwti- 
wai'd.  They  are  lowest  just  before  desijuaiuatiuii.  In  eonvales- 
cenee  they  aiv  often  slightly  iiiereased. 

Among  tlie  "  mononuclear  cells  "  the  inerease  of  whieh  is  held 
by  Weil  to  be  rharacteristic  of  the  disease  air : 

{«)  Small  lymphocj-leB,  30-40  jier  cent. 

(b)  l^arge  moiiomiclear,  4-10  ]jer  cent. 

(c)  Myelocytes,  »-10  per  cent  ^even  25  |>t'i-  rent  in  hemorrhagic 
cases). 

(tl)  Ttlrck's  "  Keizungsformcn,"  2-10  i>er  cent. 

During  suppuration  and  desie<-ation  the  mast  cells  are  sumt^tiines 
increased  (opercent).  The  abnornial  leucfM'ytes^(r)  and  ((/)above 
— are  present  from  the  very  beginning  of  the  disease  and  forma  very 
characteristic  part  of  the  blood  picture.  They  jiersiHt  through  pua- 
tulation  and  diminish  only  iu  con  vale soe nee.  They  are  preHcnt  in 
mihl  varioloids  as  well  as  in  severe  variola,  (complications  (pneii-  ^ 
moooceuB  or  stivptoooociiH  septioemial  do  not  materially  modifj-  thtt 
blood  picture,  unless  they  occur  late  in  convalescence.  In  (!on- 
Taleseeuoe  a  polynuclear  leuoooytosis  may  result  from  suiipurative 
compliuations. 

/)(V(yM(W(/t'r    V'lliie, 

In  excluiling  scarlKtina,  ineasleH,  piiriinra,  syphilis,  erythema 
multiforme,  the  blood  is  conclusive.  Varicella,  on  the  other  hand, 
pRxlucws  changes  in  the  btooil,  which  are  precisely  of  the  same  typo 
as  those  of  variola,  though  less  in  degree. 

The  red  c^^ll!l  and  litemoglobiu  hlnw  no  constjuit  varialiKU  uftj-r 
vaccination  /Sobutka),  but  the  leucocytes  aif  always  incresMtl.  the 
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leucocytosis  appearing  in  two  waves, — one  (varying  from  12,000  tx> 
2.S,000)  which  occurs  from  the  tliircl  to  the  seventh  day,  and  a 
second  on  the  tenth  to  twelfth  days  (10,000  to  17,500). 

VARICELLA  (CHICKEN-POX). 

The  only  observation  of  which  I  am  aware  is  that  reported  by 
Engel. '  In  a  child  of  hve  he  found  during  the  lieight  of  the  pus- 
tular stage  a  moderate  leucocytosis,  with  (>7  per  cent  of  neutrophiles 
(high  for  a  young  child),  and  no  eosinophiles.  Three  days  later,  as 
the  pustules  were  healing  the  neutrophiles  had  sunk  to  47  per  cent 
(normal  for  that  age)  and  tlie  eosinophiles  had  risen  to  16  per  cent. 

ACUTE    ARTICULAR  RHEUMATISM. 

According  to  Ilayem  and  (rarrbd'  the  blood  constitutes,  as  in 
syphilis,  a  most  vahiable  measure  of  the  intensity  of  the  sickness, 
which  is  parallel  to  the  severity  of  the  blood-changes  rather  than 
to  the  numl)er  of  joints  atfected.  The  fever,  the  intensity  of  the 
lesions,  and  the  statt^  of  the  blood  run  parallel,  in  a  general  way, 
but  the  degree  of  antemia  is  a  more  delicate  index  of  the  patient's 
condition  than  even  the  temj)erature  chart  (Garrod). 

The   lihwt/  as  a    Whole, 

Fibrin  is  greatly  increased.  In  no  other  disease  except  in  pneu- 
monia is  the  network  thicker  or  more  rapid  in  formation.  Accord- 
ing to  Maclagan,  this  is  to  be  explained  by  an  increase  of  tissue 
nu»tamorphosis.  Coagulation,  on  the  other  hand,  is  not  quicker,  but 
slower  than  usual. 

Lactic  acid  is  present  in  excess,  but  cannot  l)e  clinically  esti- 
mated, nor  is  its  excess  peculiai*  to  this  disea.se. 

The  alkalinity  of  the  blood  had  been  reported  diminished,  but 
the  techniciue  is  not  considerecl  reliable  by  the  best  observers. 

lit'd  Cr/is.  —  ITayem'  and  Osier*  state  that  the  jKnson  of  acute 
rheumatism  is  a  pow(*rful  and  ra])id  dt*stroyer  of  ivd  cells.  In  acute 
cases,  according  to  Hayem,  the  nnl  cells  lose  at  least  1,000,000  of 
their  number,  and  in  cases  which  drag  along  and  relapse  the  loss  is 

'  loth  Conir.  f|\r  Umvrv  Med.,  1H97. 

''  British  M.Mlicjil  .h.iirnal.  May  2Hth.  1892. 

*  /am-,  rif.,  p.  917.  -» "  Pmcti(!t*  of  Medicine,"  1895. 
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from  1,(100,(K)0  to  l',000,000.  When  mi  attack  is  cut  short  by 
sal  ley  late  treatment  the  drain  <m  the  curijuiteles  is  8ttij>p<.>il. 
Turck'scarefitl  Htiidieit  led  hiu  to  the  same  conelueioiis.  Red  eells 
anil  htemoglobiu  are  always  markfilly  diminished  during  the  feveri 
the 4li«u>oglobiii  especially,  and  after  the  attack  a  jHist-febrite  aii«- 
iiiia  vf  varying  severity  is  always  left. 

So  far  as  my  exjjerience  goes,  this  diminution  diieit  not  seem  to 
occur  in  all  cases.  Many  iif  my  ciweN  had  ln-en  sick  some  weeks 
before  the  time  when  the  coiuit  was  made,  yet  ttie  counts  aiv  nut 
very  low.  The  average  count  of  red  cells  iu  the  whole  grouji  of 
caaes  is  4,300,000.  The  lowest  counts  were  a,fi2«,000  with  45  ]<cr 
cent  of  hiemoglobin,  -S.S^S.OOO  with  4r>  jicr  wnt  of  litemoglolun. 
.'i,45t>,000  with  JW  jter  cent  of  hwmoglobiu,  .1.;W2,000  with  45  \x-r 
r«-nt  of  hivuioglobin,  3,4(>8,000  with  :W  {ter  cent  of  luemoftlobin, 
3,440,000  with  26  jjer  cent  of  hfemoglobin,  .■l.fi08,000  with  40  [n-r 
cent  of  IwmOKlobin.  Only  l.t  cases  Iielow  4,000,004)  im-  n-corded 
out  of  113.  According  to  Hayem,  4.000,000  is  the  usual  count  in 
acut^-  cases  and  3,000,000  Ui  3,fi00,000  in  those  which  drag  on  and 
relapsi'. 

(^iinlitatiri-  Cliaiigeg. — ^Maragliatio's  so-called  dcgi-iieralivo 
changes  in  the  red  cells  havB  been  observed  in  this  disease,  but  are 
not  very  marked.  TUrck  found  etythroblasts  in  about  a  quarter  of 
his  caseit.     Deformities  in  the  red  i^ells  are  usually  slight. 

HipmngliJiin.  —  Ks  m  all  secondary  aniemlas  the  corjiuacles  get 
thin  and  pale  before  they  die,  and  hence  the  coloring  matter  is 
diminished  more  than  the  count.  The  averse  hiemoglobin  |ierceii- 
tagc  in  this  series  is  sixty-three,  and  the  color  index  .73.  Hayem 
noted  tliat,  in  some  cases  during  convalescence,  as  the  i-eil  cori>ua- 
clcs  slowly  increase  the  color  index  remains  low  or  even  goes  lower 
still. 

Lrvrnft/trti. — All  observers  agree  that  leucoi-ytosis  is  the  rule  and 
that  its  degree  is  roughly  parallel  to  the  acnt^ness  and  severity  of 
thr  attui'k  (the  individual's  vigor  of  n-act.iou  is  always  a  factor)  and 
the  amount  of  fever.  Turck  iusista  that  eomplieations  (pneumonia, 
pericarditis,  plvnriny)  are  present  whenever  the  count  rises  oi-nr 
20,000,  and  in  this  he  is  supported  by  Ewing.  Ni>  such  complica- 
tion s  were  discovered  in  the  21;  cases  of  Table  XV.,  It,  which  ex- 
ceed 20,000,  but  this  table  shows  that  in  tf0.5pt;r  ccut  ut  \VA  cases 
the  icucM-ytosis  was  under  20,000.  The  f.dh.winu  tables  illiistroto 
the  variations  of  the  leucocytes  in  a  fairly  typical  way ; 
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Table  XV.,  A. — Acute  Articular  Rheumatism. 


1 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

IB 

17 

IH 

19 

») 

21 

22 

23 

24 

25 

2H 

27 

28 
29 
30 
31 
82 
33 
S4 
85 

8K| 
37 
8H 
39 
40 
41 
42 
43 
44 
45 
4« 
47 

49 
50 
51 
52 
53 
54 
66 


Age. 

• 

M 

u. 

21 

20 

m   • 

59 

F. 

20 

•  • 

33 

M. 

Adult. 

M. 

19 

•  ■ 

7 

■  • 

23 

•  • 

23 

M. 

49 

M. 

46 

•  • 

21 

F. 

37 

24 

M. 

32 

•  ■ 

13 

F. 

12 

M. 

8 

*  « 

20 

*  « 

22 

•  • 

19 

M. 

41 

■  • 

9 

F. 

47 

M. 

25 

F. 

18 

F. 

19 

M. 

19 

M. 

29 

•  • 

30 

•  « 

32 

•  • 

29 

M. 

•  • 

37 

■  • 

F. 

30 

F. 

47 

M. 

27 

F. 

17 

M. 

27 

M. 

28 

•  • 

33 

M. 

42 

•  • 

3;^ 

•  • 

2H 

•  • 

10 

•  ■ 

20 

F. 

36 

•  • 

28 

M. 

Adult. 

M. 

29 

M. 

30 

F. 

28 

•  • 

14 

•  • 

23 

*  • 

Duration. 


5  weeks. 

' "  V  * " 

? 
2  weeks. 

? 

? 

V 

? 
4  weeks. 

V 


2  duyti. 

1  day. 

2  wet* kH. 


4  days. 


1  day. 
3  days. 

2  months 


1  month. 


4  weeks. 

3  days. 
1  week. 

10  days. 

4  weeks. 


3  weeks. 
9  weeks. 


Degree  of 
inflammation. 


Red  and  hot 

V 

? 

? 

? 
Tender  and  hot. . 

y 


Red  and  hot. 

V ' " " 


Red  HUd  hot 
Red  and  hot 


Red  and  hot 


Red  and  hot 

Tender  and  hot.. 

No  redness  or 

heat. 


Swollen  and  ten- 
der. 


Very  slight 


Hot  and  red 


Some  Joints  hot.. 


Red 

wlls. 


4,160,000 
3,832,000 
5,476,000 
4,382,000 
4.852,000 
4,216,000 
8,248,000 
4,184,000 
3,792,000 
5,192,000 
4,800.0110 
4.934.000 
3.944,000 
5.224,(N)0 
4,600.00' I 
4.KS2,(NN) 
4.880,000 
4,40I».(NX) 
3,972,000 
4,872,000 

r>,:j:iH,ooo 

4.760.000 

4.:}n7,ooo 

4.210.000 
4,750,000 
4,850,1100 
4,156,ai0 

4,172,00(5 
4.580.000 
4,72lMXX) 
3.456,000 
5,44O,0(M) 
4,320,(XX) 
4,128,<100 
5.:£90.(XX) 

4,im.0(M) 
4.288,000 
8,581 1.000 
4,6(X),(I00 
4,2IK).0IK> 
4,888,<NJ0 
5,480,0(J0 
3.8«J,000 
4,066,000 
4.?iH,000 
4,312,000 
3,468.000 
4,716,(J00 
3,608,0(X) 
:j,768,000 
4,1(M,0(N) 
3,440,000 
4,412,000 
4,240,000 
2,588,000 


White 
i«lls. 


31,5U) 
27,8tlO 
27,000 
26,000 
24,500 
21,000 
20,0(X) 
19,8(N) 
19,600 
18,3110 
17.7(X) 
17,400 
K.^XX) 
16,:)00 
16.(XK) 
l.%800 
15,2(X) 
l.'i.lXX) 
15,(XK) 
15.(XI) 
1.'>,(KK) 
14.5(KJ 
UJM) 
I4,:i86 
14.(XK) 
14.(XK) 
14,(KK) 

14,(XX) 
]:{.5(X) 

i.ijat) 

1:MXX) 
12,8(X) 
12.750 
12,650 
12,500 

12,000 

12,0(Xt 

11,600 

11,500 

11,500 

11,3(N) 

ll,(XX) 

10.4a) 

10,21X1 

9,400 

9.100 

9,(KK) 

8,(XK) 

7,001) 

6,8(K) 

.^500 

4,700 


a  A  s 


65 
45 
94 
50 
78 
56 
45 
60 
45 
70 

•  • 

55 
45 
58 
68 
57 
iir> 
56 
.'VO 
58 

:)o 

75 
40 
60 
75 
72 
54 

70 
64 
fk'> 
50 
.V> 
68 

65 


65 
65 
70 
60 
50 
80 
45 
50 
40 
45 
36 
50 
40 

58 
26 
60 
46 
45 


Remarks. 


Knees  and  one  ankle. 
Patient  pale. 

Died. 

Third  day. 
Temperature,  102*, 
Paronychia  also. 

Cheeks  rosy. 
Temperature  102*. 


Severe  case. 
Seventieth  day. 


Hands  alone  Involved. 


Mitral  regurgitation. 


Fourth  rplapee. 
Speciflc  gravity,  1.040. 


Twenty-second  day. 


Table  XV'.,  B. — Acute  Articular  Rheumatism. 

White  cells.  Cases, 

Between    6.000  and    8,000 4 

8.000    "     10.000 9 

10,000  **  12.000 12 

12,000  **  14,000 14 

14.000  "  16.000 21 

16.000  ^  18.000...  .*. 23 
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Tabi.k  XV.,  B.— AcrxK  Autici'lak  KiiKrMATiKM  {Continu&t^, 

Between  18,0U0  and  20,000 8 

20.000  **     22.000 6 

22.000  -    24.000 6 

24,000  **    26,000 6 

26.000  **    28.000 i, 

80.000  **    82,000 8 

88,000  -    40,000 1 

118 

TaBLK  XV.,   ('. — SrBAl'UTE  ArTU'ITLAR   RlIKrMATIrtM. 


■i 

Airt». 

• 

•     • 

RHli'vlbi. 

Whit«i 

Pwoent 
h«eiiMv 
fflobin. 

Remarks. 

I 

62 

20,700 

62 

FifHt  (lav. 

18.700 

Fourth  (lay. 

o 

28 

19.5<M) 

60 

8 

88 

18.200 

85 

4 

86 

18.2<M» 
15.600 

Sixth  daj. 

5 

82 

17.5<K» 

70 

6 

22 

5,04(».<MM) 

17.2(M) 

55 

^ 
1 

28 

16.(MN) 

45 

H 

81 

• 

15,200 

72 

tt 

25 

M. 

4.750.(KK) 

15.<MK) 

60 

10 

68 

u.wnt 

55 

11 

28 

14.9(K) 

100 

12 

18 

4.480.(MM) 

14.500 

18 

50 

14.2<K) 
6.8<M) 

65 

May  24th. 

May  2Hth;  mitral  re^u 

rgitatioB. 

14 

45 

18.6<M) 

15 

80 

F. 

4,H44,oiK» 

18.0(N) 

60 

U\ 

15 

8.820.(KM) 

12.(HH) 

50 

17 

82 

11,4(N) 

T(»miH*ratun*  HH)'. 

IS 

28 

F. 

10.6(M) 

n) 

25 

10.5<M) 

20 

:fci 

10.500 

Tcmiwratun*  100.5. 

21 

17 

10,100 

65 

5:^ 

0,900 

28 

28 

4.684.(HM) 

8.000 

75 

24 

V 

• 

7.K(K) 

60 

25 

Adult. 

M 

4.016.0<M) 

6.2(NI 

2« 

Adult. 

'  F. 

4.1HH.(MH> 

5.750 

78 

Taiilk  XV..  I).- 

-ClIUONK- 

Hiiei:matihm,  Ciiikkly 

Aktk  ri.AU. 

Nf). 

Ag». 

Sex. 

K«^l  c«*I1h. 

White  cells. 

IVr  cf  nt 
hsmoKlobin. 

I 

4 
5 

e 

78 
10 
» 
68 
80 
80 

F. 
F. 
F. 
M. 
F. 
M. 

f 

5,248,000 

« 

4,744,000 

* 

• 

5.576,000 

7.aoo 

8.800 
6.400 
6.500 
A.IUO 

y.ta) 

r 

45 

? 
60 

? 
ti 

ArenkK^  = 

7,400 

ACUTE  ARTICULAR  RHEUMATISM. 
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Table  XV.,  E.— Muscular  Rheumatism. 


No. 


1 
2 
3 

4 
6 
6 
7 


A«e. 

Sex. 

Red  cells. 

White  c-elte. 

46 

M. 

4,580,UUU 

7,500 

52 

•  • 

4,37aOU() 

4,0(10 

54 

M. 

4,a(sa,uuo 

7,n()0 

:w 

M. 

y 

tt,H00 

54 

M. 

3,»9n.UOl) 

i4,noo 

27 

F. 

V 

t>,o;io 

.35 

M. 

? 

5,700 

Averaflre  = 

7,328  + 

Percent 
hsemoffloblD. 


70 
56 
76 

V 

58 
? 
? 


Remarks. 


During  febrile  attacks. 
Lumbago. 


The  average  leucocytosis  iii  the  acute  cases  is  16,200;  in  those 
mild  and  more  chronic,  so-called  "  subacute "  cases  the  leucocytes 
range  lower,  averaging  9,760 ;  while  in  chronic  rheumatism,  whether 
articular  or  muscular  (including  lumbago),  there  is  no  increase  at  all 
(average =7,450).  In  acute  cases  the  leucocytosis  subsides  with 
the  joints,  rising  again  if  relapse  or  complication  occurs.  The 
polynuclear  cells  ai*e  absolutely  increased  with  an  absolute  diminu- 
tion of  the  lymphocytes.  The  eosinophiles  rarely  disappear  as  in 
most  infections.  After  the  very  earliest  days  (when  they  may  be 
scanty  or  rarely  absent)  they  are  increased  despite  the  fever  and 
exudation.  In  convalescence  they  run  even  higher,  13.8  per  cent 
(or  970  absolute)  in  one  of  TUrck's  cases.  During  the  fever  TUrck 
noted  myelocytes  and  stimulation  forms  as  in  other  infections. 

Blood  plates  are  much  increased  during  the  fever. 

In  25  cases  of  ai'thritis  deformans  treated  at  the  Massachusetts 
General  Hospital  the  blood  was  normal  except  for  a  slight  deficiency 
of  haemoglobin  in  two  cases. 

Summart/. 

Anaemia  with  leucocytosis,  the  degree  of  which  is  a  measure  of 
the  severity  of  the  infection.     Fibrin  much  increased. 

Ditignostic   Value, 

The  blood  tells  us  little  if  anything  that  could  not  be  leai-ned  in 
other  ways.  It  does  not  differ  at  all  from  that  of  a  septic  nHhritisy 
or  from  that  of  acmte  tjonorrhfeal  arthritis. 

The  only  cases  that  I  remember  in  which  a  blood  examination 
has  been  valuable  are  the  following : 

(<ASK  1.-  -The  ])atient  had  muscular  pains,  fever,  and  a  history 
of  a  malarial  attack  some  months  earlier.     The  question  to  be  de- 
cided by  the  blood  examination  was  between  malaria  and  "rheu- 
15 
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matisiu."  The  leucwoytes  were  211,000  per  eubic  millimetre,  which 
made  it  clear  that  the  ease  wa«  iieithtr  malaria  iiur  ■'  rlieuiaatiHiii," 
siuce  the  former  iiewr  iiidrmaeB  the  lem'iK'ytes  aiid  the  latter  could 
give  8(1  high  a  coiiiit  only  jii  case  genuiue  <iiiirul-ir  inflammation 
were  present.  The  ease  tunied  uiit  to  !«  i'ruii|H>iis  inieiimuiiia 
which  the  high  leucocyte  count  strongly  suggeat^'il. 

Cahe  II.— The  jiatient  presei»t<?(l  symptoms  ajul  sign  a  of  aeut« 
polyiutiuuhir  rheiiniHtism  with  fever.  The  fever  came  down  under  ' 
salicylate:),  init  hood  roue  again,  and  tlie  man  became  wihlty  delirioUB. 
Hix  delirium  [leriiistetl  after  the  salicylate  was  Ktiip|ied.  Several 
juinbi  coutinucd  swollen  aiid  tender.  The  fever  was  very  modcrnt«, 
ranghig  between  99°  and  101'^.  There  were  no  rose  9[iot«  and  no 
enlarged  spletrn.  The  qne.stiun  arose  as  to  whether  it  was  a  i^iute  of 
sepsis  with  localixatioii  in  the  joints,  or  whether  it  was  a  case  of  ty- 
phoid sniiervening  on  an  arthritis  of  some  kind.  The  blood  count, 
which  was  re|>eHt«-d  scver«l  times,  always  showed  a  iwrfectly  normal 
blood  except  foi'  a  slight  aneemia.  The  subsequent  course  of  th* 
case,  during  which  he  remained  for  nearly  three  weeks  more  or  lew* 
delirious,  made  it  clear  to  Dr.  F.  ('.  8hattuck,  under  whose  care  the 
patifiit  was,  that  tlie  diagnosis  was  typhoiil. 

t'hronic  rheumatism  (muscular  or  articular)  prwhices  no  constant 
liliHid  changes  appreciable  by  clinical  methods  (see  Table  XV.,  D 
and  E). 

ASTATIC  C-liOLEKA. 

Ill  no  other  disease,  so  far  as  I  am  an'are,  has  an  aeiti  reaetlun  in 
tlie  blood  been  reported.  Tliis  is  at  the  end  of  life.  All  observers 
agree  that  the  alkalinity  is  at  least  greatly  reduceil. 

Our  knowledge  of  the  corpuscles  is  best  summed  up  in  Bier- 
nacki's'  study  of  thirty-eight  cases. 

Ued  CelU,  —  In  the  Ktmiium  ti/ffiiiiim,  or  stage  of  collapse,  moat 
of  thf*  symi>tom8  are  due  to  the  great  concentration  of  the  bloCHl 
from  the  loss  of  serous  fluid  in  the  stools.  Hayem  Found  the  in- 
crease of  red  <.'ellsfriim  this conitentration  to  amount  to  from  1,000,- 
000  t«  l,fiOO,000  per  cubic  millimetre. 

KieniMcki '  found  7,(502,500  in  one  caae  twenty-four  hours  afttr 
the  beginning  of  the  disease.  The  spei-ific  gravity  may  be  as  high 
«B  t.071  or  1.072. 

H'liiff  Crih. — IxnicfK-ytosis  is  present,  not  nwrely  as  tlie  result  I 
of  concentration,  hut  as  a  genuine  increase  to  at  least  double  the 
normal  count.  lticma''ki '  found  that  I'ases  with  particularly  high 
«»unts  (40,000  to  fiO.OOO.  were  soon  fatal,  so  that  he  considers  a 
marked  leucocytosis  in  the  algid  stage  as  a  bad  prognostic  sign,  al- 
•I>wii   uml   \v™ii  ,  IHM,  No.  4a 
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though  patients  also  die  with  low  leucocyte  counts  in  this  period. 
Such  a  leucocytosis  does  not  occur  in  ordinary  diarrhoea  or  dysen- 
tery. 

Leucocytosis  is  present  as  early  as  twelve  hours  from  the  tirst 
symptom  and  lasts  at  least  as  late  as  the  sixth  day.  In  the  stage  of 
reaction  it  usually  decreases.  In  one  very  mild  case  report4?d  by 
Biernacki  there  was  not  only  no  increase,  but  leucopenia  (4,375  per 
cubic  millimetre). 

The  differential  count  shows  from  eighty-two  to  ninety-five  i)er 
cent  of  adult  cells  and  a  corresjKmding  diminution  of  the  young 
forms. 

EHY81FEI.AS. 

Ehrlich,  Halla,  V4e,  Reinert,  Rieder,  and  von  Liml)eck  agree  that 
leucocytosis  is  usually  present  in  well-marked  cases.  Von  Limbeck 
finds  the  "  leucocyte  curve  "  to  nui  roughly  parallel  with  the  temi)er- 
ature  chart,  sometimes  beginning  to  fall  a  little  before  tlie  latter. 
The  counts  rarely  run  very  high,  yet  Reinert  counted  .S9,()27  in  one 
case.  P^e  noted  that  the  leucocyte  count  increases  only  while  the 
process  is  spreading,  and  that  the  size  of  the  c^ount  was  a  tolerably 
accurate  measure  of  tlie  severity  of  the  case. 

Rieder  found  in  seven  cases  an  aviM-age  of  only  lo,000  per  cubic 
milliuietre  despite  very  high  temi)eratures.  Tn  one  case  the  leuco- 
cyte count  remained  high  after  the  temperature  had  fallen,  but  in 
the  others  it  anticipated  the  temperature.  In  one  mild  case  he 
found  no  leucocytosis.  Polymorphonuclear  cells  are  greatly  in- 
creased as  in  other  forms  of  leucocytosis.  Hayem  noticed  the  same 
dependence  of  the  leucocyte  count  ui)on  the  severity  of  the  process. 

TAmiK  XVI.— Ehvsipei.as. 


Case. 

Aflre. 

White  <*ells. 

Remarks. 

1 

28 

25 
78 
29 
51 
17 
? 
21 

14.400 
14,4.")0 
17.100 
17.300 
15,4(M) 
16.«00 
17.000 
14,000 
13.000 
12,700 
7.250 
6.200 

First  da  v. 

2 

StK'ond  (lav. 

Third  day! 

Fourth  day;  spn^ading. 

Temperature  105*. 

8 

4 

5 

6 

7 

8 
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In  eight  cases  at  the  Massachusetts  General  Hospital  I  found 
leueocytosis  in  all  but  two,  and  these  two  very  mild  cases.  The 
polynuclears  increase  and  the  lympho(^ytes  decrease  as  in  most  in- 
fections, and  the  usual  abnormal  forms  (stimulation  forms  and 
myelocytes)  may  be  abundant.  TUrck  records  five  per  cent  of  mye- 
lo<iytes  (320  absolute). 

When  the  disease  occurred  in  "  scrofulous  "  cases,  Hayem  found 
only  7,000-8,000  leucocytes  per  cubic  millimetre,  while  in  cases 
with  very  extensive  process  and  high  fever  12,000-20,000  were 
present.  He  found  also  a  loss  of  500,000-1,000,000  in  the  count 
of  the  red  cells,  according  to  the  severity  of  the  case.  This  showed 
itself  particularly  just  before  the  fall  of  the  temperature.  I  have 
seen  no  reference  by  other  writers  to  the  condition  of  the  red  cells 
in  this  affection. 


TONSILLITIS  (FOLLICULAR). 

Halla,'  rick,'  and  P^'  found  leueocytosis  as  a  rule  in  uncom- 
plicated follicular  tonsillitis ;  Rieder  found  it  in  a  case  complicated 
with  acute  nephritis. 

The  following  table  confirms  these  observations  in  the  main, 
though  in  mild  cases  no  leuccK^ytosis  was  present. 

Tablk  XVII. — Tonsillitis. 


o 

>5 


2 
8 


5 

6 

^ 
t 

8 

9 

10 

11 

13 

18 

14 


2 


28 

18 
22 
22 
21 
24 
27 
12 
21 
20 
25 
80 


I 


F. 
F. 

Si. 

F. 

•     • 

F. 
F. 


Red  ceU«. 

Whlt4> 
cvlln. 

Per  cent 
hti^nio- 
globln. 

Remarks. 

:i4.40i) 

26,900 

26.:«K) 

28.0(K) 

28.1(K) 

•   • 

DecenilKT  24th.     Follicular. 

7.600 

•    • 

I)(H'<*nil>t*r  26th. 

21.2(K» 

4.868,000 

19.2()0 
1K.5(K) 
18.(NN) 

85 

1H.(KM» 

•  • 

Acute  follicular. 

IH.(HH) 



17.8<K) 

•   ■ 

StrcptcK'occus. 

16.H(M) 

16.H00 

•  • 

Acute  follicular. 

16.2(M) 

i.Trii.iMH) 

1«.(H)0 

80 

Temperature  101**. 

'  Zeits<hrift  f.  Heilkiinde,  18811  p.  198. 
^*nlL^  ined.  W.K-h..  \H\H),  p.  808. 
•*Pir:  Iimug.  l)i>wi'rt..  Berlin,  1890.  p.  8. 
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Table  XVIL— Tonsillitisi  {Continued). 


6 

Age. 

S 

'X, 

M. 

15 

27 

16 

32 

•  • 

17 

Adult. 

F. 

18 

30 

M. 

19 

24 

F. 

20 

Adult. 

M. 

21 

24 

•     a 

22 

36 

■     • 

23 

•   • 

M. 

24 

24 

F. 

25 

•  • 

M. 

26 

19 

F. 

27 

18 

M. 

28 

26 

•   • 

29 

23 

•   • 

30 

22 

F. 

81 

23 

F. 

32 

34 

•   • 

33 

45 

F. 

34 

Adult. 

•   • 

Red  cells. 


4,860.000 
4,730.(K)0 
5.000,000 


4.952,000 
5,816,000 

5,000.000 
4.552,(KK) 
5.150,000 


5,016,000 


4.200,000 


White 
(Vila. 

Per  cent 

bteiiio- 

globin. 

15.. 'MK) 

67 

15.000 

14.(K)0 

•   • 

13.500 

76 

13,500 

68 

13.500 

13.300 

13.2(K) 

•  • 

12.250 

94 

11.900 

65 

ll.HOO 

90 

11.600 

52 

11,500 

83 

ll.OiM) 

lO.WM) 

68 

9.6(M) 

7.925 

52 

7.7(K) 

•  • 

6.H(H) 

5.H00 

60 

Remark!*. 


8ix  day.s:  slight. 

Follicular. 

Convalescent. 

Follicular. 


Follicular. 

Strt»ptococcus:  slight  articu- 
lar rheumatism. 
Follicular. 

Chrcmic  recurrent,  out  in  two 

da  vs. 
Follicular. 

Follicular:  slight:  tempera- 
ture* 99   next  day. 
Bronchitis. 

Follicular. 


The  blood  examination  has  no  diagnostic  value  so  far  as  I  am 
aware.  It  is  worth  knowing  that  a  simple  tonsillitis  can  cause  leu- 
cocytosis,  to  the  end  that  if  such  is  discovered  on  blood  examination 
we  need  not  suppose  that  some  other  process  is  present  to  account 
for  the  increase. 

GRIPPE. 

"GripiH?"  is  a  term  very  loosely  used  to  designate  any  infec- 
tion of  relatively  .short  courst»,  esi>ecially  if  catarrhal  symptoms  are 
present.  Seldom  is  the  diagnosis  established  by  satisfactory  bac- 
teriological evidence.  In  all  probability,  thert*fore,  many  of  the 
cases  included  in  the  table  l)elow  are  not  true  **  influenza.'' 

The  references  to  the  luematology  of  the  disease  in  literatuiv  are 
very  s(*an ty.  Orion  (Arvhlr,  d.  Med,  //////>.,  18i>0,  p.  1^80)  f(»und 
fibrin  increa.sed  during  the  early  days  of  the  disease.  Rieder 
(MuNf'/t,  mt'd.  Worh.y  1891i,  XXXIX.)  found  no  leucocytosis  in 
grippe  aiul  but  little  in  the  "catarrhal  pneumonia"  following  it 
(TUrck). 

The  following  table  shows  that  the  leucocytes  are  normal  in 
alxmt  two-thirds  of  tht*  ca.s(»s.     Sixt v-five  of  the  two  hundnul  anil 
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fourteen  eases  showed  leucocytosis,  but  in  several  of  these  some 
complication  was  very  possibly  present.  The  absence  of  leueoey- 
tosis  is  of  impoi-tance  in  excluding y>w^M///«wiV/  and  local  injla minatory 
(umditions.  The  leucwyte  count  does  not  help  us  to  distinguish 
the  disease  from  ttjpho'uL  In  this  decision  the  serum  reaction  is  our 
mainstay  (see  below,  p.  458),  From  malai'ia  it  may  Ix*  distinguished 
by  the  absence  of  malarial  organisms.  In  one  case  after  an  o{)era- 
tion  for  traumatic  epilepsy,  the  temperature  rose  to  104^,  witli  a  chill, 
and  the  (juesticm  of  meningitis  was  considered.  The  absence  of  leu- 
(*ocytosis  excluded  the  meningitis,  and  the  attack  turned  out  to  be 
grippe,  which  was  just  then  very  prevalent. 

Tablk  XVIII.— Griite. 

Wblte  cells. 
Ii<twmi    2.(X)0rtnd    8.(K)0=   2  cases. 
8,0()0    -      4,(KK)=    5     ** 

4.  (MM)  -*  r),(MM)=18 

r),(MM)  •*  6.(MM)  =  15  - 

tJ.CKM)  ^  7.(MM)  =  37  •* 

7JMM)  •*  8,(MM)  =  16  ** 

H.(MM)  •*  9.(MM)  =  1«  ** 

».(MM)  •*  1().(MM)  =  22  ** 

lO.(MM)  »*  ll.(KM)  =  28  ** 

lUMM)  •*  12.(MM)=17  ** 

12.(HM)  -  14.<MM)  =  21  ** 

14.tKM)  "  ir).(KM)  =  \i)  -* 

lo.fHM)  •*  16,(MM)=    H  - 

Irt.(MM)  "  17,000=    4  •* 

1«.(KK)  **  20.0«M>=    4  •* 

2<).0<M)  •*  21.(MM>=    1  •* 


Total  caws  =  214 

R«^l  (*ells. 
Between  3.(MK).(KM)  and  4,000. (MM)  =    2  rases. 
4,0iM>.(MM)    **     r).(MM)JMM)=    9      • 
r),IMM).(MM)    •*     0,(MM),(MM)  =14      ** 

25  cases. 

SEPTIC '.iCMIA 

Puerperal  septiciemia,  infected  wounds,  septic  aii:hritis,  s<»i)tic 
endo<;arditis,  general  infections  with  pyogenic  bacteria,  **i)ya*mia," 
are  all  identical  so  far  as  their  eifects  on  the  blood  are  concerned, 
and  will  be  considered  together  under  the  general  head  of  Septi- 
caemia. 
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Barter l(ff Of/ 1/  of  the.  Blood, 

Cocci  can  be  demonstrated  in  cultures  from  the  blood  of  septi- 
csemia  more  frequently  than  in  any  other  class  of  infections.  Ro- 
senbach '  in  1884  found  streptococci  and  staphylococci  in  sepsis. 

(Jarre "  in  1885  found  the  last-named  coccus  in  a  case  of  osteo- 
myelitis. In  1890  V.  Eiselsberg*  found  staphyhnrocci  in  ten  cases 
of  septic  wounds  and  one  case  of  osteomyelitis,  and  strej)tococci  and 
staphylococci  together  in  five  more  patients  whose  wounds  had  be- 
come septic. 

Czerniewsky/  Stern,  and  Hirschler"  found  the  same  organisms 
in  pueri)eral  fever,  the  former  observer  in  live  cases. 

Brunner,*  Hoff,'  and  Hlum"  found  j)yogenic  staphylococci  in 
pyaemia  and  sepsis,  and  Saenger,"  Koux  and  Lannois,'"  Cantu," 
and  Bommers'"  hail  equal  success,  each  in  a  single  case. 

( ■anon"  and  Sittnian'*  investigated  large  numbers  of  cases  with 
many  ])ositive  i*esults,  aiul  (Jrawitz'^  and  IVtruscliky'*  and  Cohn'^ 
were  su(rcessful  in  finding  i)yogenic  co(H*i  in  the  blood  of  cases  of 
ulcerative  endocarditis  as  well  as  in  other  septic  infections,  ller- 
scldaff'"  found  them  in  erysipelas,  acute  tul)erculosis,  perforated 
typhoid  ul(?er,  etc.  Kuhnau,  '*  on  the  other  hand,  was  unable  to  find 
anything  in  the  blood  of  twenty-three  severe  pya?mic  (^ases,  ami  was 
successful  in  only  one  out  of  twelve  cases  of  ulcerative  eiulocarditis. 

Taking  the  results  of  all  these  investigators  togt'ther,  it  st'cnis 
«*vi(lent  that  in  some  cases  of  septicemia,  blood  eultun»s,  taken 
according  to  the  directions  on  page  47,  show  the  i)resence  of  pyo- 
genic (u-ganisms,  and  that  in  obscure  sei)tic  cases  tlu»  diagno- 
sis may  l^^  greatly  fax^ilitated  by  such  an  examination.  Negative 
results  are  of  course  very  far  from  ex(duding  septicaemia,  but  posi- 
tive ones  are  sometimes  of  great  value  if  proiH*r  precautions  are 
taken  in   the  UH'hniqut*  of  the  examination.     In  the  diagnosis  of 

^  "  Microorpuiisineii  b.  d.  Wiindinfcctionskrankheiteii."  etc.    Wieslmdeii.  1884. 

''Fortscli.  d.  Med.,  1885.  No.  «.  "  Kif.  M(Hi..  1892.  No.  9«. 

MViVn.klin.  Woch..  1890.  No.  30.  'M)eut.  ined.  Wocli..  1898.  No.  16. 

<.\i(liiv  f.  Gynilkol..  1888.  No.  33.  'MH'iit.  Zeit.  f.  ChirurK..  1893.  p.  571. 

MVicn.  med.  Pressc.  1888.  No.  28.  '*Dcut.  Arch.  f.  kliii.  M«*<l..  1894,  p.  578. 

MVicn.  klin.  Wocli.,  1891.  No.  20.  'Mimritc  Annalcii.  1804.  vol.  x. 

'  I)iss<Tt.,  Stmssburff.  18«K).  '»Zcit.  f.  Ilypene,  1894,  pp.  59  and  418. 

^Mnncli.  mcd.  Woch..  1H93,  No.  10.  '' I)<*ut.  iiie<l.  Woch.,  1H97.  No.  9. 

'M)<nt.  med.  Woch.,  1889.  No.  8.  ''•Scni.  Mcil..  1897.  p.  105. 

»"Reviir  dc  Med.,  1H90.  No.  12.  'M)cut.  ine<l.  Wo<'h..  1897,  No.  2.5. 
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moliguaut  eudocaidJtis,  ufteti  a  luust  diHii-ult  ouv,  Grawitz  tbinkti 
bloffii  rulturea  are  especially  importaut  and  likely  to  prove  positive 
when  the  disease  is  present  (see  Diseases  of  the  Heart,  p.  310;. 

Ahuost  all  observers  agree  that  the  finding  of  pyogenic  eoeni 
(ex<'ept  the  »taphyliH-occu»  alhus)  in  the  bloiid  makes  thi*  prognosis 
almost  surely  fatal.     The  toxiritg  of  the  blood  is  doubled. 

Heil  CrU».—A]l  observers  agree  that  very  marked  anemia  is 
present  in  severe  cases.  Red  marrow  post  mortem  I  haw  seen  in 
two  instances.  Roscher's'  investigations  tend  tn  show  that  the 
diminution  in  reil  wlH  in  septicemia  is  gi-eater  than  iji  any  other 
infective  disease,  and  api)eara  in  a  shorter  time.  He  found  such  a 
diminution  present  no  longer  than  a  few  htmrs  from  the  beginning 
of  the  iUness.  He  finds  the  amount  of  anemia  projMjrtionol  to  the 
severity  of  the  case,  ami  (ivekoning  by  means  of  the  estimated  solid 
re8idue)conclndeB  that  whenever  the  blood  has  lost  oiie-i[uarter  of  its 
anbatauce  or  more,  death  ftdlows.  He  considers,  therefore,  tliat  help 
as  to  prognosis  is  given  lis  by  the  blood  examination  in  septitwniia. 

The  serum  becomes  very  waterj-,  pai-taking  of  the  general  ati-o- 
phy  of  the  blood  tissne.  In  ii  case  of  intensely  acut^'  pneqK'ral 
sepsis  Grawitz  found  the  red  cells  reduced  to  .100,000  (!)  although 
the  patii'nt  had  lieen  sick  less  than  twenty-fonr  hours.  The  cAse 
seems  almost  incredible,  but  is  reported  in  great  detail  in  the  au- 
thor's recent  t^xt-Ixiok,  to  which  reference  has  so  frequently  l>een 
made.  He  accouuts  for  it  by  the  combination  of  blood  destruction 
and  dilution. 

In  seventeen  cJises  of  pu«>rperal  sepflis  iwcn  at  the  Massachusetts 
General  Hosjutal  in  recent  years  the  red  cells  averiigcd  3,800,000, 
which  i»  very  low,  considering  the  shortness  of  the  illness  in  most 
ca»es.  (Tlie  influence  of  hemorrhage  during  parturition  muHt  of 
course  l>c  token  Into  aci'ount.) 

In  most  of  tile  si-ptic  wounds  which  I  have  seen  the  <tounls  have 
not  lieen  low.  Rut  in  one  case  of  septiciemia  from  a  suppurating 
fibroid  of  the  uterus  the  n-d  cells  numbered  only  l,«00,000.  Ew- 
ing  reports  a  septic  endometritis  with  1,600,000  red  cells.  In  a 
«ue  of  pueqwral  sepsis  of  only  a  few  days'  duration,  in  a  woman 
Dot  previons  auasmic,  Hayem'  ircently  reports  the  following  figures : 

December   a.1  — R«l  ells i.iM>.i»»* 

Wliitt-i-ells 7,8(10 

lla'mnglcibln St  per  iiml. 

■IiuiUK   DlFuerl  .  B('rlfi>    l-^^.       'LiiMiM    Moiliruiv  Jiiuiimy  t»lh.  IM7 
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December   6tli— Hwi  cells 3.578.000 

White  ct-ils V.mt 

Hieinogl»biii 40  per  cent. 

December  34th— Hed  cells 4,281,000 

White  cells 7.200 

HnmoglobiD -  6,1  per  cent. 

(RMiovery.) 

Such  cases  are  the  best  exampks  we  liave  of  an  amte  "ritF.mia 
(hemutrhage  excepted). 

The  hwmoglol/in  is  usually  diminished  about  aH  much  as  are  the 
corpuscles.  Nucleated  red  cells  are  very  often  aeen;  whether  or  not 
they  have  piogiioHtic  value  canuot  yet  be  stated,  lu  difFer^Dtial 
diagnosiH  their  jti'esence  helps  us  to  exclude  typhoid  mid  miliary 
tuberculoNis,  in  which  diseases  they  rarely  are  found. 

Drfnriiiitifii  in  the  shajie  and  size  of  the  corjtnscles  ai-e  not  usu- 
ally marked  exce])t  in  the  severest  cases.  Ewing  has  noted  a  reduc- 
tion in  the  diameter  of  the  t^ells  in  aiiieinic  cases. 

Table  XIX, — Fuekpekal  HEeric.KMiA. 


P-rcent 

1 

31 

F 

77,500 

Autopey. 

2 

••\ 

V 

3.300.000 

20.000 

» 

^9 

F. 

3.800,000 

33,  BOO 
31.000 

68 

Tivo  days  before  deliveiy. 

Da.vof  delivery, 

Oi>e  <lay  after  ijelivery. 

breaata  caked. 

1(5,000 

Ten  days  nfrer  delivery. 

U,SOO 

Twenty-six  days  after  delivery. 

4 

13,000 
8.800 

Miscarriage   five  days  l*fore  ; 

septic  1  curetted. 
Three  days  later,  temperature 

falling. 

Fourteen   days  inter,  tempera- 

13,800 

14,000 

Fifteen  dayslatfr,  temperature 

falliDK. 
Sixteen  days  later,  temperature 

falling. 
Thirty-two  days  later,  temper- 

15,000 

B,.WO 

ature  falling. 

55 

1.1,900 
3,1.600 
33.000 
SS.000 

a-ptember    Otb.  chills. 
September  16th.      Recovered. 
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TaBLK   XIX,— PlKKl-KKAI.   SK1-TU.«MH  {r««fil,Uftl). 


2.*. 

F. 

3.»W{.U<NI 

20.000 
21.000 

r>0      April  let,  1»04. 
A|.ril  8.  liflM, 

as 

F. 

4.9()4.0<>ll 

10.3OO 
11.800 

Cim-ttwl. 

Otii'  wcfk  Inter,  well. 

H 

P 

8.556.000 

1(1,400 

m 

K. 

P<il.vini.rpli..niitl«ir    tells.  MJ; 

•^ 

P.      .■>,3«8.00ll 

.'..ttOO 

Di,;i. 

12 

u 

3.43«,00O 

SH.HOO 

1« 

■* 

8,.W«,0I)0 

9.600 

6,800 

.Iiitj-  IHrli.  F>-1vlr<rltulttlti,  Diff. 
.1111111    .-iOO    .■.IIh     (chloKwin). 
PiilvnuclcHr.     :«1 ;     Ivinplio- 
ivlt-s    {«.).    ti:    Ijmpliocjlc* 
(1.),  4  ;  nMiiioiiIiilni.  Iff.    Itols 
Kliclii  irregularity  in  nlxe  and 

.lulvJoih. 

U 

2A 

4.400,(K)0 

14,  soil 
l»,4IK> 

7,4(KI 

12!  200 
0.800 

45       3Uv  -Al.    Willi  loxic  nepbrilto. 
..       M»v»ih. 
. .        Xh'v  14th. 
. .       .Mav  -Mill, 

Mav2Hlli. 

June  *l. 

IB 

i6 

4.056.000 

12.400 

80       June  Htli,     SccriDiliiry   anepnita. 
Piilviiurlcar,    H6.6ir  ;  Ivniplio- 
.yl.'«  (g,).  9,4',:  lynipL.wytw 

1     I'liK'vteH.    ,2;:.      ItnlH    stain 

'     iHilelv    in    n'titrex.    moderate 

IH.ikll.Kvt.»t«Hn<lim'Kiilarity 

l-t.MK) 

■liim-  I4ili. 

18.4<NI 

.lum- 3"ili. 

I« 

■" 

12.2<«0 
S.2IKI 

[>i-<-.'ml«-r  r,ili. 
IJeivnilH-rWili. 

n.4<Ni 

1I,2INI 


Taiiij:  XX. 

A.— Septic  W«i:si». 

d^     Age. 

i     RedwU*. 

WtlllB 

JSK: 

tteniofki. 

1       37 

2'      -IH 
8     :ti 

4'    2: 

F.   5.8»0,000 
M.  7,000,000 
F.    5,680,000 

5.840,000 
M,  4,4.10.000 
M.,  5.600.000 

48.400 
35.400 
15,300 

28,200 
10.  .WO 
8.  WO 

Septic  wound  of  foot. 

operation. 
One  month  later ;  wound  clean 
Septic  hand. 
S^-ptic  finger. 
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Table  XX.,  B. — SBPTiCiBMiA  with  Arthritib. 


Percent 

• 

Age.         !• 

<     Red  cells. 

White 

tuenio- 

Remarks. 

& 

a 

^ 

cells. 

globin. 

1 

8        > 

I 

25,000 
43,000 

Pus  in  elbow  joint  ;  no  injury. 
Two  days  after  operation,  vent 

not  free  ;  opened  further. 
Seven  days  after  operation. 

24,000 

20,700 

Eight  davs  after  operation. 
Sixteen  days  after,  well. 

6,700 

2 

21 



23.800 

T.  lor. 

8 

84        ^ 

f 

19,000 

65 

GK)norrhoeal  pus  in  knee. 

4 

59        3 

I.  4,520.000 

18,500 

Pus  in  shoulder  joint ;  no  trauma. 

5 

28 

18,200 

•   • 

T.  99\ 

6 

22 

17.500 

72 

Gonorrhnea  and  syphilis. 

7 

55 

17,500 

Gonorrhoeal. 

8 

? 

17,100 

•  • 

Gonorrhoea]. 

9 

28 

16.500 

•  • 

Gk>norrh(ra1. 

10 

42 

14,100 

50 

Ck)norrhneal. 

11 

22 

13.800 

•   • 

Gonorrhceal  ankle. 

12 

16 

13.300 

52 

Gonorrhoeal. 

18 

82 

.    8,864,000 

12,500 

•  • 

T.  99".     Gonorrhoeal. 

14 

82 

12,200 

•  • 

T.  102".     Gonorrhoeal. 

15 

83 

11,900 

•  • 

Gonorrhoeal. 

16 

32 

9,700 

■  • 

T.  lOr.     Gonorrhoeal. 

17 

21 

9,400 

•  • 

Gonorrhoeal. 

18 

28 

9.100 

•  • 

Gonorrhoeal. 

19 

28 

9.(K)0 

■  ■ 

Gonorrhoeal. 

20 

39        > 

i 

8,940 

•  • 

Ankle  gonorrhoeal.   Cultures  neg- 
ative. 

21 

? 

•          ••••••«■ 

8.800 

76 

Gonorrhoeal. 

22 

32 

•          ••■      •••• 

6,200 

•  • 

T.  lOr.     Gonorrhoeal. 

23 

21 

1 

•           •  •   •          •  •   • 

6,200 

•   • 

Gonorrhoeal. 

Table  XX.,  C. — General  SEPriCiKMiA. 


Percent 

6 

Age. 

• 

Red  cells. 

White 

hsBmo- 

Remarks. 

& 

M. 

cells. 

globln. 

1 

Adult. 

5,248.000 

41.400 

2 

u 

F. 

1,800,000 

46,000 

Suppurating     fibroid.       Strepto- 
coccus. 

8 

22 

F. 

3,776,000 

25,800 

52 

A  fatal  case,  yet  no  fever!    Strep- 
tococcus. 

4 

44 

•  * 

20.700 
30,700 

Cholangitis. 

Pus  in  eye  and  throat.     Strepto- 
coccus. 

6 

48 

•  • 

12.100 

Clause? 

6 

20 

•  • 

27.000 

Septic  leg,  pus  burrowing. 

7 

11 

a     • 

10,800 
13.000 
18.600 

December  15th. 
Dec<*nil)er  17th. 
December  10th. 

19,400 

Decemlx»r  20th. 

13,200 

December  21st. 

12.200 

DecemlK^r  28d. 
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Table  XX..  C. — Oenekal  Skvtkmhik  (Cviitinued). 


& 


Age. 


6       88 


9 

10 


11 


55 
88 


88 


1 

Red  cells. 

White 
fells. 

Percent 
haemo- 
irlobln. 

•  • 

a     • 

•  • 

•  • 

4,V6b'.666 

12,400 
10.400 
11.000 
22.000 
84.000 
24.000 
19,400 
18,000 
19.600 
48,200 

10.100 
22,000 

16.000 
22.000 
19.800 
29,100 
27.200 
25.200 

•  • 

•  • 

•  • 

•  • 

75 

•  • 

•  • 

•  • 

•  • 

45 

Remarks. 


December  26th. 

December  28tb. 

Jan  liar}'  5th. 

Jan  liar}'  15th. 

January  19th.     Autopsy. 

April  24th. 

April  26th. 

Mav  lat. 

Mav  8(1. 

May   nth.      T.    104|'.     No  au- 

topsy. 
Pneumococci  in  blood.    Autopsy. 
Multiple  septic  embolism.    Sugar 

in  urine. 
Tenth  day. 

Seventeenth  day.     Autopsy. 
First  day. 
Third  dav. 
Fourth  (fay. 
Sixth  dav. 


HirmogloffiiKPtina  with  reddish  staining  of  the  serum  is  often 
noticeable  in  the  dried  and  stained  cover-glass  specimen  when  the 
plasma  is  deeply  stained. 

Leuronjtes. — Considerable  controversy  has  taken  place  as  to  the 
changes  in  the  white  cells  effec^ted  by  septicaemia;  some  observers 
finding  leucoc^ytosis,  while  others  find  none. 

The  results  of  experimental  infections  referred  to  above  (see  p. 
110)  and  the  parallelism  of  the  leucocyte  changes  in  pneumonia, 
peritonitis,  and  di])htheria  fully  explain  these  apparent  divergences, 
which  perfectly  exemplify  the  rules  stated  on  p.  10/>. 

Leucoc^ytosis  oc(*urs  only  when  the  struggle  between  the  patient 
and  his  disease  is  intense,  and  whichever  is  victorious.  When 
either  side  wins  without  any  difficulty,  /.f.,  in  the  mildest  aiul  in 
the  severest  (;a»es,  leucocytosis  is  nearly  or  entii-ely  absent;  indeed, 
leucoi)enia  may  l)e  found  (as  for  instan(»e  in  a  case  of  septic  endo- 
metritis reiK)rted  by  v.  Liml)eck — only  .S,000  leucocytes).  Von 
Liml>eck  and  Ki-ebs'  found  no  leuc(K*ytosis  in  cases  of  pnerj)eral 
septicaemia,  but  these  were  all  fatal  cases  or  very  mild  ones.  Hie- 
der,  on  the  oth(»r  hand,  and  the  gi-eat  majority  of  other  observers 
(Sadler,'  Koscher,'  Kanthak,*  (irawitz,  et^*.)  find  leuc(K*ytosis.     This 

'Kn*l)H:  Di.H«(Tt..  Uerlin.  1H98.     »H<»s<lier:  Dis-scrt..  IJerliii.  1S94 

« Sadler:   /x<.  cit.  *Kantliak:  Brit.  M<h1.  Joiinml.  .lum-.  IH9!>. 
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meaiiH  that  in  most  cases  observed  by  these  writers  the  infection 
was  of  moderate  severity.  E wing's  exi^erience  leads  him  to  tlie 
conclusion  that  while  the  mle  tliat  suppuration  produces  leucivy- 
tosis  is  almost  invariable,  it  nnist  lx»  remembennl  tliat  leucwytosis 
may  promi)tly  disai)i)ear  when  exudation  ceases,  and  that  suppuni- 
tion  involving  mucous  surfaces  may  induce  very  slight  leuco<*ytosis. 
Only  14  of  the  oG  castas  in  Tables  XIX.  and  XX.  showed  no 
leucocytosis.  One  was  very  mild,  the  other  proved  fatal  on  the  day 
of  the  count.  The  leuc(H»ytosis  is  of  the  ordinary  polynuclear  type 
with  disappearance  of  eosinophiles  and  diminution  of  lympho<»yt(^8. 
Myelocytes  and  "  stimulation  forms  "  are  usually  present  in  small 
numbers.  The  reapi)earance  of  the  eosinophiles  seems  to  me  to 
have  some  favorable  prognostic  signilicance. 

Siinnnartf, 

1.  Rapid  development  of  severe  ansemia. 

2.  Leuc(K*ytosis  marked,  except  in  very  mild  or  very  severe 
cases. 

3.  Blood  cultures  may  contain  pyogenic  cocci. 

IMayn  nutic    J  'a  hie. 

The  advantage  of  a  positive  bacteriological  (examination  is  ob- 
vious. Of  the  value  of  the  blood  count  in  distinguishing  septic  from 
non-septic  wounds  and  estimating  the  degive  of  sepsis  and  the  im- 
poi-tance  or  needlessness  of  oiK»rative  interfei*ence,  not  much  i» 
known.  The  subject  deserves  to  be  caivfully  work«»d  out  from  a 
surgical  i)oint  of  view.  The  following  cases,  howev<»r,  t«»nd  to  show 
that  we  might  utilize  blood  ctmnting  far  mon^  than  wt*  do  to  deter- 
mine questi(ms  of  this  sort: 

(/ASK  I.  —  Frank  H suffering  with  apiM*ndicitis  was  operatiMl 

on  by  Dr.  M.  H.  Richardson  at  tlie  end  of  an  attack.  A  little  jms. 
was  found,  the  apjKMidix  was  excised,  and  the  wound  nearly  cIokim I, 
a  small  strand  of  gauze,  how<*ver,  U^ing  left  in.  Several  days  ai'U'r 
the  operation,  there  Inking  at  th<*  time  no  ext4*rnal  discharge,  the 
temj)erature  rose.  Tlie  wound  s«M»nH*d  jM*rfectly  ch*an.  The  man 
was  very  nervous  about  hinis«df,  and  nnu-h  stirn*d  u]>  at  each  dress- 
ing; and  as  the  t4*mp«M-ature  n«*v«M-  w«Mit  higlnM*  than  101' ,  thrn? 
seemed  to  Ik*  I'oiisiderabh*  doubt  as  to  what  the  cans**  of  the  «*h*vated 
t«*mperatur»'  was.  Th«*  bhuxl  count  in  this  cas<*  showed  r>i;,(HH)  leu- 
cocvtt*s.  On  ojMMiinj^  tlic  wound  a  hirg«*  amount  of  broken-down 
blood  clot  was  rvacuat»Ml,  and  tin*  tem|M*ratun*  cam**  down  to  normal. 


• 
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<7asr  TI.-— Mm.  S had  a  |iuh  tulie  shellcil  out  anil  the  ab 

dominal  wall  waa  sewt^  u)>  tight.  T**!)  days  after  the  o]>eratiou  the 
tenii>eratui«  hegaii  to  look  as  it  pus  were  prcseut.  Here  agiuu  thp 
[latieiit  wan  exfeediiigly  nervuiis;  aiid,  us  »o  often  happens,  the  J 
qufstitiu  was  Hdked  aiid  re-asked,  whether  she  was  keeping  up  hf r  m 
own  teiiii>erature  liy  tlie  Htate  of  her  mind.  The  blooil  count,  how-  f 
ever,  showed  luaiked  leiieocytosis,  which  led  to  a  careful  ether  ex-  I 
amiuatiou,  revealing  a  ftuetuatiiig  mass  l>ehind  the  ntenis,  fnual 
whirh  pus  wan  obtained  liy  piineture. 

Cauk  III. —  Mr.  K entered  the  MassaehuaettH  Oeiieral  Hud- 1 

pital  ill  IJewiulMT,  iind.r  tin-  s.Tvi.-e  of  Dr.  f.  B.  I'c.rUr,  with  al 
(!omiM)und  fraeture  of  the  thigh.  Some  daya  after  it  had  been  put  J 
tip,  th«^  t^'iuperature  began  to  Kiiggest  the  presenee  uf  |Hie,  t1i«  f 
wound,  however,  ri'inaining  iNTfectly  i-Iean.  1  counted  the  bl<HHl,  I 
and  found  a  marked  leucocytoais.  A  more  thorough  exploration  of  I 
the  wound  revealed  a  |>(r(!kf  t  of  pus,  the  evacuation  uf  which  brought-  M 
dowu  the  temperature.  1  was  not  sure  in  thiH  case  whether  the  J 
al)sorption  uf  th*'  bliMid  clot,  such  ae  taken  plaM>,  T  Bii]i)Hine,  after  I 
any  compound  fraoture,  wouhl  \f  sufficient  to  cause  leucocytosis.  1 1 
therefore  counted  several  eases  in  whioh  there  was  fever  and  pre-  I 
sumably  lilo<Hl-clot  absorption,  namely,  a  hiemothorax,  a 
hsmatocele,  two  comjwund  fracturex,  and  a  crushed  foot;  in  nonft  I 
of  these  wan  any  teneocjtitsis  present.  1 

Vauk  IV.  — Mr,  S was  oi>er«t<'d  tm  by  Dr.  .1.  (.'.  Warren  for  1 

traiiutatii^  epilepsy.  Nothing  sj^ecial  was  found,  and  the  wound  I 
was  closi-d.  Ten  days  after  the  o|>eration  the  tem|H>rature  rose  to  1 
104",  and  the  patient  complained  of  severe  headache  and  pain  in  I 
the  laek.  I  counted  the  blood,  and  ffiund  no  leucocytosis.  Next  I 
day  the  tem]»erature  was  down.  The  patient  apparently  had  the  i 
grippe. 

Several  vanes  in  which  an  old  malaria  was  supposed  to  be  1 
"  brought  out "  by  a  surgical  ojiemtion,  the  patient  having  irivgular  I 
fever  and  chills  after  the  op«>ration,  have  shown,  on  examinatio 
tlie  blcMKl  by  Uie  writer,  no  malarial  organisms  hut  marke<I  leu(H>- 1 
cytosis.  In  these  cases  the  symptoms  of  "malaria  "  ceased  whuil 
the  wound  waa  more  thoroughly  drained,  and  I  have  no  doubt  that  I 
many  cases  of  "  malaria  "  after  surgical  operations  are  really  wound  1 
sepsis. 

It  is  difficult  U>  make  inferences  from  a  leuivx-ytosis  in  sudtfl 
cniwtt,  bee.auBe  no  one,  so  far  as  1  know,  has  thoroughly  inveatigabedl 
the  bloixl  condition  during  the  normal  healing  pKMvss  of  woundflvF 
Hut  there  are  certainly  many  cases  in  which  we  need  the  kind  a 
hiformation  alH>ut  the  condition  of  n  wound  which  the  blood  iniKhfl 
give  us,  if  the  changes  in  connection  with  wotuids  wei'e  lietter  known 
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How  often  the  questions  are  asked :  Is  this  patient  septic?  Does 
this  temperature  mean  anything  of  importance?  Is  this  wound  well 
drained?  Is  this  complaint  of  pain  hysterical  or  does  it  mean  some- 
thing operable? 

How  often  the  blood  count  would  help  us  to  answer  such  ques- 
tions without  leaving  it  for  time  to  settle  them  after  the  most  urgent 
need  of  settling  them  is  gone,  we  do  not  yet  know. 

In  puerperal  cases,  the  fact  that  leucocytosis  is  always  pi-esent 
for  several  days  after  delivery  makes  it  harder  to  judge  from  the 
blood  whether  a  given  (^ase  is  septic.  I  doubt  if  the  blood  count 
will  give  any  information  on  this  point  not  to  lx»  more  easily  ob- 
tained in  other  ways.  Blood  cultures,  if  positive,  are  of  far  greater 
importance,  but  take  more  time. 

ABSCT.SS. 

lodo/f/ii/ln. 

Goldberger  and  Weiss'  have  i-ecently  applied  the  iodine  reaction 
orighially  described  by  Ehrlich  and  Gabritschowsky  to  the  study  of 
the  polynuclear  leucocytes  of  the  blood  in  cases  of  fora/  suppuration, 
A  syrupy  mixtui'e  of  the  following  elements  is  made  : 

Icxli  sublim 1 

Pot.  iodidi \) 

Aq.  (lest KM) 

Acacia  ad  ayrupum. 

This  is  painted  on  a  slide  and  the  unstained  cover-glass  ])repara- 
tion  is  pressed  down  into  it.  So  treated  normal  blood  or  that  of  non- 
suppurative diseases  shows  the  following :  red  cells  dark  yellow ; 
white  cells  light  ijellotr  with  very  refractile,  citron  yellow  nuclei. 

In  purulent  affections  the  prot()[)lasm  of  the  leucocytes  stains 
brnw/tj  either  diffusely  or  in  a  granular  or  network  distribution. 

Kammier"  distinguishes  three  stages  in  the  api)earance  of  the  re- 
action : 

(a)  A  slight  diffuse  brownish  discoloration  of  the  protoplasm. 

(h)  A  concentration  of  the  brown  color  into  intensely  stained 
flakes  and  gmnules.     (This  is  the  type  most  often  seen.) 

(e)  An  intense  brown  discoloi-ation  of  the  whole  protoplasm. 

Czerny,  and  recently  Hofbauer,  have  found  iodophilia  in  cases 
of  grave   anaemia,   primary   or   secondary.     In  chlorosis  and  the 

'  Wien.  klin.  Wocli..  1897.  No.  25. 
n)eut.  mod.  Wooh..  April  3d.  1899. 
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milder  tyi«s  of  seeomUry  aiiamia  it  ia  not  jiivsent  unlesB  there  U 
[ma  Kuiunwberc  in  the  Mystfiu.  l^iioeuiia  nsvially  shows  a  poatrfl 
tive  iocliiie  rwwtion  bolli  in  the  imlyimcleai-  l«UPocyt«s  aiid  in  ex~^l 
traivllubir  flfikcM.  llixlgkin's  disease,  on  the  uthfr  hand,  showtj 
no  Bin'h  n-ai't.ion.  lu  purjiuia,  (tintuaioiis,  and  hfeiiiatunia,  the  ox- f 
tnu^elliilar  Hakes  reacting  to  iodine  ai-e  abundant. 

After  an  ai)si?es8  ia  opened  the  bruwu  (whir  w  at  timt  contiiied  to  ] 
the  i»eriphery  of  the  cell  and  soon  disapjiears  altogether.     "Cgld" 
abscenses,  no  matter  how  large,  do  not  prwluoe  the  reaction,  but! 
acute  felons  with  only  a  thimbleful   of  jms  have  shown  marked  f 
iodine  i-eaction. 

Ijeiii'iH-ytosis  due  to  non-infective  agents  ('■.ff.,  s]>eruiin)  is  nota 
associated  with  any  such  reaction.  On  the  other  hand,  it  ia  uot^l 
peculiar  to  infections  which  produce  ]tU3.  In  pneumonia,  in  puer*  T 
[teral  sepsis  without  localization,  and  in  non-sujipurative  terminal  I 
infections  a  well-niarked  iodophilia  may  occur. 

It  has  also  Ijceu  found  in  cases  of  fracture  and  after  severe  c 
tusions  or  pnilon^^eil  uan'osis. 

Itt/i.-r  Kffert  of  Ah»rrsv  iin  t/i«  Bhixl. 

The  effects  of  abscess  upon  the  blood  are,  I  supiwse,  due  to  sep-  I 
ticjeuiia.  Nevertheless  septicfeniia  u-ith  abscess  formation  differs  I 
enough  from  sept.i(«;niia  irithmit  abscess  formation,  both  clinicallyl 
and  hiematologiially,  to  make  a  separate  description  convenient. 

The  most  easily  studied  variety  of  alwwss  is  that  cunnet^tedJ 
with  apjieudicitiH,  inasmuch  as  the  fretjueucy  of  oi>erations  in  rniohl 
cases  gives  us  opportunity  to  verify  what  we  supjKise  to  be  indicated  I 
by  tlie  blood  count  and  Hee  how  far  our  supjiositious  are  true. 

At  the  Massai-hu setts  (icncral  Hospital,  most  jiaticuts  with  other 
varieties  (if  abscess  go  straight  to  the  surgeon  and  their  blood  is  not 
exainineit,  but  many  caxes  of  appendicitis  come  tirst  to  the  medical 
wanls,  and  hence  we  have  reconls  of  over  eighty  cases  whose  l)lood 
has  Iieeii  examined. 

1  shall  therefore  Ijcgin  the  iles<'ri]}tion  of  the  blood  in  abscess  by  J 
an  account  of  a|ii><-ndicitis,  which  may  probably  be  considered  a| 
typieal  case  of  abscess  formation. 

APPENDICITIS. 
A  fter  excluding  all  cases  in  which  the  diagnosis  was  not  sure  k 
have  left  sevrnty-twti  casi-s. 
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Table  XXL— Appendicitis. 
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10 
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35 
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81 
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M. 
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8,400.000 
0,800,000 


5,184,000 
4,800.000 
4,200.000 
0,000.000 
0,500,000 
5,072,000 


M. 

M. 

M. 
F. 


5,200,000 
5,144,000 


M. 


16 


cent 

imo- 

>biD. 

Bemarki. 

^n 

52.000 

Question  of  typhoid;  pus  found  at  operatioD. 
Chronic  caae;  06  per  cent,  of  adult  leucocirtes. 

43,000 

39,900 

36.800 

30,000 
35,000 
84,000 

•  •  •  •     •  •  t 

Thrt;e  days  after  operatioo. 
Seven     -^       - 

34.000 
28,000 
24,200 

Second  attack;  operation  at  11  p.m.     Norember  SCh, 

couutat  5:80. 

10,850 

•  •  • 

Serous  peritouitis  found.    November  0th,  6  p.  M. 
Novemoer  7th,  8  p.m. 

15.600 

10,700 

8th,  4    - 

15,100 

Temperature  still  up.    NoTeoaber  0th,  0  p.m. 
NoTember  10th,  5: 80  p.m. 

14,600 

11.800 

11th,  8:80    •* 

17,aM) 

12th,  8:80    ** 

18.200 

18th,  8  a.m. 

13,100 



18th,  8:80  p.m. 
Recovery  compl«»te  ten  days  later. 
24«  September  Ist;  operation,  free  turbid  fluid  withoul 

24,000 

•  •  •  •     •  ■  • 

adhesiona 

12,500 

September  10th. 

19,500 

**          12th ;  poclcet  of  pus  found. 

.M,000 

23,000 

88 

January  Hth. 

16.100 

**       15th;  before  operation,  S  ▼•  +  pua. 

22,500 

Not  operated;  entrance. 

13,000 

Second  day. 
Third       "^ 

9,500 

22.300 

12: 20  operated;  belly  full  of  pus. 

9.500 

8: 80  moribund;  blood  dark  and  hard  to  get. 

22,000 

July    0th. 

19,400 

-       8th. 

14.000 

-     10th.  T.  104";  recovery. 

21,900 

Appendicitis  eight  to  nine  days;  operation;  post-cnoal 
abscess. 

21.700 

November  5th,  flrst  operation. 

21.400 

10th. 

16,000 

18th. 

24.400 

15th. 

20,200 

10th.       » 

47,700 

**         19th,  second  operation  (pus  pocket). 

16.700 

20th. 

13.000 

8l8t. 

10.700 

28d. 

30.300 

26th,  third  operation  (pus  pocket). 

20,900 

27th. 

17.700 

28th. 

25,100 

29th. 

28,100 

80th. 

20.400 

December  1st. 

15.400 

2d. 

25,000 

•••■•••• 

8d. 

11,900 

4th. 

15,600 

5th. 

21,900 

6th. 

19,000 

7th. 

11,900 

8th. 

12,800 

9th. 

11.700 

10th. 

12,300 

11th. 

15,600 

12fh. 

13.400 

ICth. 

14,700 

t-Msl. 

16,500 

•with. 

11.300 

26th 

20.540 

October  5th. 
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Table  XXI. — APPBKDictTia  (Coiilinued). 
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M. 
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M 

Aui[u«tBtl..  fBcal  flwuln. 

aperation:  iiiw  found. 

January  l|1v'i. 

July  XStli :  miji-c  palii,  tendernms  aud  vomilinfC  opera- 
UoDahoKalpuK. 

pci^oralvd  apppndli  vriil.  concretloti  in  it. 

fft 

K 

H 

4.8(W.I}0a 

3.600,000 

K 

-    ^^Tth,  a  P.M.;  lemperature dropping. 

ID 

B.«»,000 

g 

::::::::; 

o.tooiooo 
sjmoao 
bSoKooo 

a.odo.ixio' 

IMh. 

No  operation. 

OlAirhal  nppfsndli. 

cliroolc:  nearly  well:  opencioa;  oo  pM. 

4.siu.ooa 

From  the  seventy-two  cases  of  the  adjoining  table,  together  with 
.  ninety-four  other  counts  not  here  recordetl,  the  following  conclu- 
sions are  to  be  drawn : 

1.  Red  cells:  no  changes  except  in  chronic  cases  with  long- 
standing abscess. 

2.  Coagulation  often  slow,  but  fibrin  always  increased  in  sup- 
purating cases. 

8.  As  in  most  infections  the  mildest  and  the  severest  cases  show 
no  leucocytosis.  Six  canes  with  iifneml  j/iirulent  peritonitis  showed 
HO  If.iirocijtosia,  its  absence  being  confirmed  by  repeated  exaiuiua- 
tion.s.  The  total  absence  of  leueofytosis  in  a  caae  not  obviously 
mild  ia  a  very  bad  propiostic  sign  as  in  pneumonia  and  diphtheria. 
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4.  C&tarrhal  appendicitis  is  rarely  a«coiu)taiiied  by  leucocytoeis  ' 
(only  ouce  iii  this  series — H,000). 

5.  Aa  ini-rfosing  Ifuraeffttutis  meant  a  sjireiidinij  jinirivs  and  "intf 
be  the  onlg  et-idence  of  l/ir/art.  In  t'ase  40  of  this  series,  the  pa- 
tient entered  with  voinitiiiK,  localized  paiu  and  tenderuesii.  The 
leiiciwytosis  waa  15,tS00,  Three  days  later  he  waa  comfortable,  bad 
no  vomiting  and  very  little  teudemesB,  and  in  all  resjKtcts  seemed  ' 
Ui  be  improving,  yet  the  white  cells  had  risen  to  U2,900.  0|iet»- 
tion  was  pontponed  owin|{  to  the  tack  uf  all  unfavorable  symptoms 
rri-rpt  the  Ulaixl  riiuiit.  Jfext  day  the  bowels  were  moving  well  and 
the  ])atient  hnd  no  firi-fi-  nnd  nn  luid  xifiiiptitnu  "f  any  kind,  but  his 
leucocytes  had  risen  to  3r>,.100.  On  the  following  nioming  the  suf 
geon  was  tinally  persuaded  to  operate'  and  found  a  large  amount  of 
]ms. 

A  steadily  increasing  Wueocytosis  is  always  a  bad  sign  and 
should  never  be  disregarded  even  when  (as  in  this  fase)  other  lad 
symptoms  are  absent.  It  is  of  far  more  signiticance  than  a  larger 
cuuiit  which  does  uot  inci-ease. 

fi.  The  size  of  the  leucoeytosis  is  of  comparatively  little  signifi- 
cance.     A  low  count  (8,000-11,000)  means  one  of  three  things: 

(„)  A  mild  case. 

(6)  A  very  severe  case. 

(•-)   An  abseesH  thoroughly  waited  off. 

.\ft«T  the  abscess  has  ceased  to  spread  and  has  become  well 
walled  off,  the  leucocyte  count  remains   stationary  or  decreases. 
If  it  bursts  into  the  general  peribmeal  cavity  the  count  may  rise   ' 
sharply  or  it  luay  fall  to  normal  or  subnonnal,  its  movement  de-    I 
pending  on  the  degree  of  resistance  wliieh  the  system  offers. 

7.   In  ttie  majority  of  <<ases  the  pus  is  neither  etjmpletely  walled   ] 
off  iior  fn-e  in  the  K'lly,  and  such  eases  are  accompanied  by  a  mod- 
erate and  Huctuating  leucocyttisis,  which  rises  and  falls  according  to  J 
a  variety  of  conditions  which  cannot  be  accurately  inter{)n-ted. 

It  usually  increases  in  the  first  three  or  four  days  of  tlie  illness,  < 
and  then  becomes  stationai?  or  declines  if  th<!  case  is  taking  a  favor-  | 
able  course  (I'.f.,  if  tlie  jms  is  being  absorlied  or  walled  off),  while  ( 
it  continues  to  incn-ase  when  the  cjise  is  goingon  fnmi  bad  to  worae. 

Casi-  30  illustrates  the  course  of  the  leucocytes  in  a  favorablfl  ] 
case  uot  operated  on ;  the  leuci>cytes  fell  grHibially  but  steiidily  from  I 
hour  to  hour  so  that  in  two  days  the  count  came  down  from  20,100  '\ 
to  K,7/)0,  the  tuinur  uiid  tendenieHs  simuttaix-oiiHly  disapi)eared,  and 
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the  patient  was  well  in  a  few  days  moi-e.  Case  38  dropped  in  eight 
hours  from  1(5,000  to  8,000  and  quickly  recovered.  In  Case  19,  the 
leucocytosis  fell  in  three  days  from  33,000  to  9,200,  but  rose  again 
when  the  bowels  were  moved  by  enema,  and  took  some  days  to  reach 
normal  agaui.  Evidently  the  peristalsis  injured  the  abscess  wall  so 
that  the  process  began  to  spread  again  and  had  to  be  walled  off 
afresh. 

8.  WTien  a  leucocytosis  of  18,000-23,000  is  maintained  for  a 
number  of  days  it  usually  means  a  large  abscess  pretty  well  walled 
off. 

9.  The  majority  of  cases  as  seen  at  the  Massachusetts  General 
Hospital  on  the  second,  third,  and  fourth  days  of  the  illness  showed 
leucocytosis  of  15,000-24,000,  thirty-three  of  thei)resent  series  fall- 
ing within  these  figures.  Counts  larger  than  this  have  always  been 
proved  to  mean  a  large  amount  of  pus  or  a  general  peritonitis.  Of 
the  cases  below  15,000  (fifteen  in  all)  twelve  did  not  come  to  oper- 
ation, or  if  operated  showed  no  pus.  This  statement  excludes  the 
four  cases  of  general  purulent  i)eritonitis  without  leucocytosis  men- 
tioned above. 

10.  C-ase  18  illustrates  several  points.  After  the  first  operation 
the  leucocyte  count  did  not  fall  so  rapidly  as  usual,  and  the  cause 
of  this  soon  turned  out  to  be  a  pus  pocket,  after  the  evacuation  of 
which  the  count  fell  in  twenty-four  hours  from  47,700  to  1(>,700, 
only  to  rise  again  for  another  accumulation  of  the  same  kind. 

After  this  last  (third)  operation  the  case  progressed  slowly  but 
favorably,  and  yet  the  leucocyte  (tount  remained  more  or  less  above 
normal  for  a  month.  The  wound  was  healthy,  freely  dischai'ging, 
and  had  healed  satisfactorily  at  the  time  of  the  last  count  recorded. 

Hubbard,  in  a  study  of  the  counts  recorded  in  the  surgical  wards 
of  the  Massachusetts  General  Hospital,  concludes  that  while  the 
leucocytt*  count  may  be  of  value  in  distinguishing  appendicitis  from 
other  non-suppurative  affections,  it  is  of  little  value  (when  the  diag- 
nosis of  a])i>endicitis  is  established)  in  helping  us  to  predict  the 
further  course  of  the  case,  or  in  guiding  our  judgment  regarding  the 
time  to  operate. 

Bloodgood's'  results  may  be  thus  summarized : 

1.  Chronic  cases :  leucocyti»s  subnormal  with  few  exceptions. 

2.  Acute  cases  at  end  of  an  attack :  leucocyti»s,  10,000  to  15,000. 

3.  Early  acute  cases:  leucocytes,  8,000  to  22,000. 

'  Medical  Uoconl.  OctolH-r  ^Otli.  1900. 


246 


SPECIAL   PATHOLOOT   OF  THE   BLOOD. 


4.  Gangrenous  appendicitis :  leucocytes,  lii.OOO  to  25,000. 
fl.    Appi'iulix  fiill  of  pus:  leucocytes,  15,000  to  tt.">,000, 

6.  Api>en(lix  with  abswss :  leucocytes,  fi,000  to  00,000. 

7.  In  acut«  cases,  if  operation  is  delayed,  the  leucocytes  rise 
with  an  increase  of  uther  symptorae.  A  rising  leucocyte  count  is  a 
symptom  of  clanger. 

8.  In  cases  giving  a  histoiy  of  ap|>euilicitis  aiul  a  high  leuco* 
cytosis,  but  without  local  signs,  one  may  feel  reasonably  sure  that  I 
a  deep  abscess  exists. 

9.  With  a  leuROcyte  count  uf  over  20.000  no  time  should  !«  lost    | 
before  operating. 

Vifferfntiiil  DiagnMu. 

1.  The  presence  of  a  marked  leucoeytosis  excludes  simple  rolit  I 
with  at  ifithoiit  rungtiimtion,  and  excludes  cei-tain  forms  of  intestinal  ' 
obstruction  (if  uncomplicated).  Such  cases  of  intestinal  olMtnic-  t 
tion  as  are  complicated  with  ulceration  or  gangrene  or  due  to  cancer 
may  raise  the  leucocyte  count. 

Between  general  peritonitis  from  an  appendicitis  and  intestinal 
obstruction,  the  presence  of  marked  leucocytoHis  points  to  the 
former;  but  its  absents  may  accompany  either  affection.  I  remem* 
ber  a  case  in  which  the  diagnosis  lay  Vtetween  these  two  affM-tions, 
and  operation  was  delayed  because  the  absence  of  any  leui'ocytosis 
waa  thought  to  rule  outjierititnitis,  ajid  it  was  htH)ed  to  gel  the 
bowels  started  by  enemata,  etc,  When  finally  the  abdomen  waa 
opened  stinking  pus  gushed  out  and  the  patient  died  the  same  day. 

2.  Treves'  has  reported  several  cases  in  which  it  was  hard  to 
decide  whether  the  diagnosis  was  ti/phuid  or  appendicitis.  A  blood 
exaiuination  would  probably  have  decided  the  matter,  as  it  has  in 
three  cases  in  the  writer's  experience.  Most  cases  of  appendicitis 
()f  any  severity  show  leucocytosis ;  tjphoid  almost  never  does  i£ 
uncomplioated.  ('nrtis'  reports  a  case  of  typhoid  with  a  tumor  and  | 
ti^ndemess  in  the  right  iliac  region  which  closely  simulated  appen*  j 
dicitis  but  turned  out  to  be  a  floating  kidney.  The  blood  count  | 
would  have  ilecided  the  matter. 

.1.  Between  ap/iendicUi*  itnd  pus  tube  the  blood  gives  no  help^  I 
as  both  alTect  it  alike. 

4.    Ovarian  or  pele'tr  neurnhjia  (uo complicated)  never  faxisesleu- 


'  Medlcn  Cliinirgirnl  TroiwscH.m",  1«1|18,  Ixii  ,  p.  ]IW 
'"Twemielh  C'ciiiury  Prwtice  ot  Jleilidac."  vol.  vili.. 
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cocytosis  and  may  be  excluded  by  its  presence.  The  same  is  true 
of  floating  kidney^  which  has  been  sometimes  confounded  with  ap- 
pendicitis. 

5.  Gall'Stone  colicy  and  rental  colic  if  iincomplicated  by  inflamma- 
tory disturbance,  cause  no  leucocytosis,  and  can  therefore  be  distin- 
guished from  appendicitis  in  most  cases.  If  cholangitis,  cholecys- 
titis, pyelitis,  or  severe  cystitis  complicate  the  colic,  the  examination 
of  the  blood  will  be  no  help  to  us. 

6.  Impaction  offerees  in  the  caecum  will  not  cause  any  leucocy- 
tosis and  may  be  excluded  when  such  is  present.  The  count  may 
be  of  use,  it  seems  to  me,  in  deciding  us  whether  an  enema  ought 
to  be  given.  It  is  sometimes  desirable  to  give  an  enema  in  cases 
simulating  appendicitis,  to  help  clear  up  the  diagnosis,  but  some 
physicians  are  afraid  to  do  so  for  fear  of  causing  a  walled-off  ab- 
scess to  break  into  the  general  peritoneal  cavity.  In  such  cases,  if 
no  leucocytosis  were  present,  we  might  go  ahead  with  a  clearer  con- 
science- 
Mr.  B entered  the  Massachusetts  General  Hospital  Septem- 
ber 20th,  1893,  with  a  diagnosis  of  appendicitis.  For  twenty  days 
he  had  been  having  pain  and  tenderness  in  the  region  of  the  api)en- 
dix,  pain  being  controlled  by  morphine.  The  bowels  had  been 
loose,  he  said.  There  were  dulness,  tenderness,  and  a  distinct  tumor 
in  the  region  of  the  appendix,  with  slight  pyrexia.  The  blood  count 
showed  only  8,000  leucocytes.  He  was  given  a  compound  cathar- 
ti(^  pill,  had  a  large  movement  of  the  bowels,  and  all  symptoms  and 
signs  disappeared. 

7.  Ext ni'iUeriiie  pregnancy  and  pelvic  haematocele  may  (*.ause 
leucocytosis  like  appendicitis,  but  do  not  increase  Jibrin  unless  peri- 
tonitis is  present,  and  are  likely  to  shoir  a  wnrked  diminution  in  red 
corpuscles  if  the  hemorrhage  is  severe.  The  red  cells  are  normal  in 
ap))endicitis  except  in  chronic  cases  with  abscess. 

8.  Flouting  kidney  has  been  already  mentioned  in  Curtis'  case,  in 
which  in  combination  with  typhoid  it  closely  resembled  appendicitis. 
Even  without  the  presence  of  typhoid,  the  same  difficulty  of  diag- 
nosis may  arise  between  ap])endix  and  floating  kidney.  The  pres- 
ence of  leuc(M»ytosis  could  not  be  accounted  for  by  the  latter. 

One  of  the  next  most  common  forms  of  abscess  seen  in  medical 
wards  is  ])yosalpinx,  whi(^li  I  shall  call  by  the  English  name  of 
"pus  tul)e."  As  this  produces  the  same  etfe<!t  on  the  blood  as  pel- 
vic abs(ress  or  pelvic  perit^)nitis,  1  shall  consider  the  three  processes 
together. 
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PUS  TL'BE,    PELVIC  ABSCESS,    AND   PEI,VIC  PERITONITIS. 

Almost  all  that  has  b<?eii  saiil  of  apiiendicitin  apiilies  equally 
well  to  these  conditions. 
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Table  XXII.— Prs  TrBK  and  Pklvic  Abscess  (Contitvied). 


11 

White    , 
cells. 

cent 
bin. 

Remark!. 

6 

< 

36 

1 

F. 

Kg 

48 

86 

8,606«000 

14,975 

Pus-tube.    July  Slst,  chilli  and  delirium. 

1 

12,600 

•  ■•••••• 

July  88d. 
""    25th:  operated. 

87  3» 

F. 

4«810.000 

14,800 

80 

Pus  tube;  chlorosis. 

88  88 

F. 

8,006,000 

13,858 

22 

Pus  tube. 

89.. 

F. 

4,700,000 

12,500 

70 

Pus  tube  (double);  operated. 

40  35 

F. 
F. 

12,200 
12,200 
12,800 

•  •      •  •  •  • 

Pus  tube:  sliirht. 

41 '21 

Pus  tube.    June  2d. 

1 

Juoe  10th. 

42  19 

F. 

8,910,000 

12.000 

Pus  tube. 

48.. 

1 

F. 

4,756,000 

11. KM) 
18.750 

68 

Pus  tube.    January  5th  and  6th. 

44,*! 

F. 

4,240.009 

11,000 

55 

Pus  tube.    Not  operated;  very  slight 
Chronic  salpingitis.    June  21st 
June  Sftth,  better. 

45' 47 

F. 

lO.tiOO 
11,000 

•      •  •  •  •  • 

• 

1 

11, VK) 

♦*     29th. 

46,;21 

F. 

8,H00,000 

10.400 

64 

Pelvic  peritonitis. 

471.. 

•  •  •  • 

7.000.000 

10,(N)0 

Pelvic  abscess  (?). 

48  88   F. 

4,i«ioao 

10,000 

60 

Pelvic  nbHcess.    August  28th. 

17,000 

September  8d,  temperature  up. 

18.400 

**          6iti,  normal  tempenfturei 

40 

24 

F. 

9,000 
9,200 

Salpingitis,  9  a.ii.  ;  T.  99.4*. 
4: 15  P.M.;  Ave  days  in  hoepitaL 
Pus  tubes  (small;  sise  of  finger). 

fi0  28 

F. 

472.000 

7,500 

51  .. 

F. 

5,840,000 

7,200 

Pus  tube. 

From  these  data  together  with  two  huiidi^Ml  and  nineteen  other 
counts  not  here  recorded  I  conclude  that :  Inci-easing  counts  of  leu- 
coi'ytes  usually  point  to  the  need  of  an  operation ;  stationary  leuco- 
cytosis  to  a  well  walled-off  abscess.  The  si7.e  of  the  (»ount  is  a  rough 
measure  of  the  size  of  the  abscess,  and  i)atients  irif/tojtf  leucocytosis 
rarely  need  oi)eration  and  usually  ivcover  under  palliative  ti*eatmenty 
as  also  do  many  trtf/t  leucocytosis. 


I>ifff'renflftf  Diaf/noslit, 

Pelvic  pain  and  soreness  may  lx»  as  great  in  various  non-suppu- 
rative  conditions  (ovarian  neuralgia,  etc.)  as  when  abscess  is  present, 
but  the  leucocyte  ('ount  is  raised  in  none  of  the  pelvic  disorders  of 
wcmien  excrept  abscess,  septicemia  (pueri)eral,  after  abortion,  etc.), 
and  lu^morrhage  (menorrhagia,  metrorrhagia,  ruptuitnl  tubal  preg- 
nancy). Endometritis  and  cystitis  usually  cause  no  leucoc3rtosis. 
Th(»  application  of  these  rules  will  not  infrequently  help  in  the 
diagnosis  of  pelvic  <lisease  an<l  in  deciding  how  much  importance  to 
attach  to  the  complaints  of  pain,  tenderness,  etc.,  in  a  doubtful  case. 
Tli»'  absence  of  leucocyto.sis  makes  us  rightly  confident  that  no  ab- 
scess of  any  considerable  size  exists. 
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OTITIS  MEDIA. 
Most  eases,  if  purulent,  show  leucooytosis  both  before  and  alter 
paracentesiB.  If  serous  (see  Table  XXIII.,  cases  7, 14,  15,  17, 18, 
19)  the  count  is  usually  lower,  and  we  can  predict  with  moderate 
certainty  whether  serum  or  pus  will  be  found  on  puncturing  the 
drum.  When  the  mastoid  is  involved  the  count  runs  higher.  If 
the  case  dra^s  on,  the  haemoglobin  may  get  low,  otlierwise  the  red 
cells  are  not  affected. 

Table  XXIII.— I>titI8  Media. 


Aie. 
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RBdCellfc 

Wblle 

sr 

Remu«iu 

i 

£ 

Blow* 

1 

6 

fT 

Sfl.700 
27.800 
81.400 
27,000 
21,IHH) 

Nephritis  wula,     April  SOlh. 

M«v  7th. 

May  14lli,  uliUBonly. 

May  28th.  slight  ditcharge  atlll. 

s 

2 

M. 

2:t,0()0 

M 

3 

19 

31,90(1 

i3,aoo 

10,800 

Niutli,  T,  103.6', 
Eleventh.  T.  101°. 
Foiirieenlh,  T,  99'. 

4 

B 

M. 

18,600 

30 

5 

20 

17.000 

ai,Boo 

With  jugular  thrombosis. 
Tlilnl  dflv. 

6 

45 

M. 

14,  .wn 

With  ccrehrul  absct^ss. 

Adult. 

M. 

4|788,'(M)b 

16,800 

^ 

47 

P. 

4,168,000 

16,600 

66 

Double  purulent ;  vent  not  free  ; 

9 

19 

F 

5,120,000 

16,480 
H,HOO 

49 

April  28ih. 
May  5th.  well. 

1« 

27 

ir,,S(HI 

11 

Adult. 

F. 

-^  942,000 

\r,,2m 

P..B. 

12 

F. 

4.473.000 

U.7,W 

641 

Di'mnluT  7th,  hysteria. 

5,416,000 

9.75(1 

46 

DeeembcT  i^Ili  (during  dygpnaeio 
itnil  cyauniic  attack). 

18 

18.900 

14 

m 

12.000 

Seniua. 

IS 

34 

4;47a.'nflb 

11,200 

20 

SemuB. 

16 

22 

n.ooo 

17 

27 

P. 

4.'b66,'(XW 

H.m 

69 

Si'rotia. 

iH 

7 

F. 

4.416,00(1 

0.400 

Catarrhal. 

19 
SO 

Adult. 
4 

F. 
M. 

4,100,000 

4,000 
Murkwl 

Serous. 

Purulent:    ihmnie    right,    acuto 

Icuro- 
cvdisis. 

li-fl.     Diff.  IIH  cellB  :  polymor- 
ph')nu('l<-ar  <i01h.  ,■>"?  ;  lympho- 
cyi.-s,  31 ;  .iisin-phileB,  S. 

In  some  cases  the  blooil  alone  enables  us  to  distinguish  otitis 
and  its  effects  from  typhoiii.      !n  a  cas«  recently  examined  which 
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several  excellent  clinicians  pronounced  typhoid^  though  there  was  a 
marked  leucocytosis  and  no  serum  reaction,  the  autopsy  showed  pus 
in  the  jugular  and  lateral  sinus  but  no  typhoid. 

OSTEOMYELITIS. 

In  four  cases  in  which  no  external  opening  was  present,  the 
patient  complaining  only  of  pain  in  the  bone,  the  counts  of  leuco- 
cytes were  29,600,  25,600,  24,310,  and  18,000;  in  each  the  predic- 
tion that  pus  would  be  found  was  verified  at  operation.  Three 
differential  counts  in  chronic  cases  with  sinuses  showed  nothing  re- 
markable, no  increase  of  eosinophiles  and  no  myelocytes. 

The  diagnostic  value  of  the  blood  in  osteomyelitis  seems  to  me 
considerable,  inasmuch  as  it  is  difficult  by  the  symptoms  alone  to 
feel  sure  enough  of  the  existence  of  pus  to  be  willing  to  operate. 
'^Rheiunatic  pains,"  "growing  pains,"  and  neuralgia  can  be  ex- 
cluded by  the  presence  of  leucocytosis. 

Other  Abscesses. 

(1)  Felon. — It  is  striking  to  see  how  small  a  collection  of  pus 
can  raise  the  leucocyte  coiint.  Patients  with  felons  containing  less 
than  one-half  drachm  of  pus  may  have  a  leucocytosis  of  15,000  to 
22,000.  I  have  counted  the  blood  in  three  such  cases.  The  element 
of  septicaemia  must  be  considerable.  It  seems  to  make  no  difference 
whether  or  not  the  pus  is  under  great  tension.  The  leucocyte  count 
does  not  fall  sharply  after  the  felon  is  opened,  but  gradually  dimin- 
ishes during  the  next  seven  to  ten  days.     Even  a 

(2)  Gum  boil  raised  the  white  cells  to  27,000  in  one  case.     An 

(3)  Abscess  of  the  vulva  showed  23,500  leucocytes  per  cubic  mil- 
limetre, and  an 

(4)  Abscess  of  the  vaginay  12,800.     Other  varieties  are: 

(5)  Parotid  abscessy  45,500  leucocytes  per  cubic  millimetre. 

(6)  Subpectoral  abscess^  16,000  leucoc3rtes  per  cubic  millimetre. 

(7)  Abscess  of  the  neck,  22,200  leucoc3rtes  per  cubic  millimetre. 
Carbuncle^  41,000  leucoc3rtes  per  cubic  millimetre. 

(8)  Psoas  abscess  (infected),  50,000  leucocytes  per  cubic  milli- 
metre. 

(9)  Abscess  of  ovary,  26,000  leucocytes  per  cubic  millimetre. 

( 10)  One  case  of  perinephritic  absce^ts  was  watched  for  some  days 
while  the  patient  was  getting  up  strength  for  an  operation.     It  was 
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an  abscess  of  several  months'  standing,  not  inei-easing  in  size  during 
the  last  mouth,  and  the  counts,  as  we  should  expect,  did  not  riae 
or  fall  considerably  but  showed  a  steady  well-marked  leucocytosis. 

July  29th,  white  cells,  21,400 

"     30th,       "        "      21,200 

August    8th,       "        "      22,400 

''      11th,       "        "      23,000 

"       24th,       "        "     22,200.  (Operation.) 

A  second  case  counted  showed  only  16,000.  Both  abscesses  con- 
tained over  a  quart  of  pus. 

A  third  case,  evidently  tuberculous  in  origin  and  probably  not 
much  infected  with  pyogenic  cocci,  showed  only  10,000  white  cells 
per  cubic  millimetre. 

(11)  Abscess  of  the  Lunrj, — Five  cases  following  pneumonia  have 
occurred  at  the  Massachusetts  General  Hospital  within  the  last 
three  years;  the  counts  were  as  follows:  Case  I.,  16,800;  Case  II., 
16,000;  Case  III.,  16,40Q:  Case  IV.,  30,000;  Case  V.,  5,100. 

(12)  Subphrenic  abscess,  four  cases. 


Case. 

Rnd  cells. 

White  cells. 

Percent 
hiemoRlobin. 

Bemarks. 

1 
2 

4,450,000 
3,200,000 

53,267 
25, 600 
15,500 
17,600 
22,000 
15,300 

13,800 
16. 600 
18,000 
22,500 

Mav  16th. 

8 
4 

""'55*    '* 
88 

May  17th. 
May  20th. 

October  20th.    Supposed  typhoid 

for  first  week. 
October  28d. 

October  27th. 

^  . 

November  5th. 

November   10th.     Operation;   a 
quart  of  pus ;  recovery. 

lyiafjiwstic    Value, 

1.  The  patient  with  vulvar  abscess  was  so  morbidly  modest  that 
she  complained  of  all  parts  of  her  body  except  the  one  diseased,  and 
gave  a  train  of  symptoms  which  failed  to  account  for  the  leucocy- 
tosis. The  presence  of  this  leucocytosis  called  for  a  much  more 
searching  physical  examination  than  would  have  otherwise  been 
made,  and  the  seat  of  real  trouble  was  discovered. 

2.  (it)  The  diagnosis  between  perinephritie  abscess  and  cyst  of 
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the  kidney  is  materially  assisted  by  the  fact  that  the  former  causes 
leucoeytosis,  while  the  latter  (see  page  335)  does  not. 

(b)  Both  cancer  of  the  kidney  and  perinephritic  abscess  cause 
leucocytosis,  but  if  fibrin  is  not  increased  cancer  is  the  more  likely 
of  the  two.     This  differential  mark  has  served  me  well  in  two  cases. 

(r)  Hydatid  of  the  kidney  and  pyonephrosis  are  not  to  be  dis- 
tinguished from  perinephritic  abscess  by  the  blood  examination.  In 
abscess  of  the  lung  the  blood  gives  no  information  that  cannot  be 
more  easily  gained  in  other  ways. 

3.  Subphrenic  abscess  may  be  confounded  with  malignant  dis- 
ease, both  of  which  may  cause  leucocy1»sis ;  but  the  absence  of  any 
increase  of  fibrin  speaks  against  the  existence  of  an  abscess. 

GONORRH(EA. 

The  red  cells  are  not  affected,  but  in  acute  cases  a  moderate  leu- 
coc3rtosis  is  present  and  fibrin  is  increased.  Qualitatively,  the  white 
cells  have  been  said  by  Neusser  and  others  to  show  an  increased 
percentage  of  eosinophiles  corresponding  to  the  large  proportion  of 
these  cells  in  the  urethral  discharge.  Vorbach  has  carefully  studied 
twenty  cases  with  reference  to  this  point  and  finds  the  eosinophiles 
in  the  blood  to  vary  from  0.5  to  11.5  per  cent — averaging  4.2  per 
cent — within  normal  limits.  Bettman  found  the  eosiiioj)hiles  usu- 
ally increased,  especially  when  the  posterior  urethra  was  involved. 
In  one  case  with  epididymitis  the  eosinophiles  numbered  25  per 
cent.  * 

YELLOW  FEVER. 

Jones'  found  coagulation  slow,  the  red  cells  not  much  dimin- 
ished but  showing  decided  degenerative  changes ;  hsemoglobinsemia 
is  common.  He  makes  no  observations  as  to  the  white  corpuscles. 
Pothier  of  New  Orleans,  studying  the  epidemic  of  1897,  found  the 
following  results  in  154  cases.  The  red  cells  were  never  consider- 
ably diminished.  The  leucocytes  varied  from  4,(500  to  20,000 — 
averaging  about  9,000 —haemoglobin  usually  diminished  at  the 
height  of  the  disease  50  to  75  per  cent.  Normoblasts  were  noted 
in  a  few  specimens. 

A  case  recently  observed  at  the  Massachusetts  General  Hospital 
showed  two  days  before  death  7,800  leucoc^ytes,  92  percent  of  hiemo- 

^  Archives  for  DtTiii.  and  Sypliil.,  vol.  49. 

^Journal  of  the  AnKTican  Medical  AsfUM-iation.  March  16th,  1895. 
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globin,  with  an  absence  of  the  typhoid  serum  reaction.  Through  the 
kindness  of  Dr.  Pothier  I  have  been  abk  to  study  cover  slips 
from  twelve  cases  of  yellow  fever  from  the  Charity  Hospital  of 
New  Orleans.     The  differential  counts  of  leucocytes  are  as  follows : 


- 

n. 

1 

ni 

IV, 

v. 

VI. 

VIL 

VI.I. 

» 

i 

1 

in. 

"X^-""'-'  "•"■"■ 

« 

88 

.S 

% 

u 

Small  lymphocTtea..  ,. 

SE.Sr.S'"'."'.::::::::::, 

HyekurtM 

If 

I 

Retl  cells  showed  nothing  except  in  Case  VIII.,  in  which  there 
were  marked  deforuiities  and  a  few  normohlasts.  In  some  cases 
there  was  a  marked  leucocytosis,  in  others  none.  (For  serum  reac- 
tions, see  page  458). 

TYPHUS  FEVER. 

Ewing'  in  four  cases  found  no  leucocytosis.  Tumas*  found  no 
Ieucoc3rto8is.  as  the  following  case  shows : 


Dato. 

DTrt 

BedMlla. 

,i&. 

Whltaoetll. 

A.M. 

m. 

January    4th 

6th 

6th 

7th 

8th 

»th 

10th 

nth 

18th 

lath 

■        14th 

"        15th 

"        16th 

"        17th 

18th 

I9th 

aoth 

■■     aist 

aad 

33d 

24th 

asth 

"        36th 

Died  OD  the  mh. 

4th. 

6th. 

6th. 

7th. 

8th, 

9th. 
10th. 
llth. 

lath. 

13th. 
14th. 
ISth, 

16th, 
17th. 
18th, 

mh. 

20th. 
aiat. 
32d. 

33d. 

a4th. 

25th, 
a6th. 

'sola' 

39.0 
39.0 
80.3 
89.0 
88.8 
868 
89.0 
38.8 
88.7 
88.0 
88,1 
58. 7 
87.7 
86.6 
88.1 
87.6 
88.1 
87. 5 
87,4 
37  4 
89  3 

40.0 
89.6 
89,6 
40.0 
89.3 
89,6 
89.3 
89.3 
89,3 
39.5 
89  0 
S8.7 
88.8 
86.6 
86.3 
88,6 
88.3 
38.1 
87,8 
88.0 
88.0 
39,8 

4,440,000 
4.380.000 

4.S80.000 

4.440.000 

4.880.000 
4.780,000 

4.960.000 

4,160.000 

8,830,000 

3.450.000 
8,450,000 

8.130.000 

80 

77 

77 

77 

80 
80 

80 

70 

67 

63 
60 

60 

«,«00 

4,800 

8,300 

8.200 

1.600 
8.200 

1,600 

4.800 

1,600 

8.280 
8,300 

8,300 

'  Ewi[ig :  Ni'w  York  SIcdicHl  Joiimiil,  Di'Ccmbtr  16lL.  I 
'Areli.  f.  klin.  Med.,  vol.  xli.,  p.  363. 


THE  BUBONIC  PLAGUE.  255 

On  the  other  hand,  Everard  and  Demoor,*  and  Wilks'  iound 
leucocytosis. 

MALTA  FEVER. 

According  to  the  article  in  Allbutt's  recent  "Text-book  of  Med- 
icine "  the  red  cells  fall  gradually  in  the  course  of  the  fever  from 
5,000,000  to  about  3,500,000.  Bruce  finds  the  leucocytes  normal 
in  most  cases.  (See  also  page  466.)  Charles'  makes  the  amazing 
assertion  that  at  the  height  of  the  fever  polymorphonucleai*  neutro- 
philes  are  entirely  absent  from  the  blood  and  only  lymphocytes  to 
be  found.  Musser  and  Sailer  report  a  prolonged  case  with  no  im- 
portant changes  in  the  blood.  The  serum  reaction  with  the  Bacilhts 
melitensis  has  been  obtained  in  cases  of  Malta  fever  by  Musser,  by 
Cox,  by  Curry  (18  cases),  and  in  Osier's  clinic. 

GLANDERS. 

Christol  and  Kiener*  reported  leucoc3rtosis  in  glanders.  In  a  fatal 
case  of  acute  glanders  with  autopsy  which  was  recently  studied  at 
the  Massachusetts  General  Hospital  the  following  counts  were  re- 
corded : 

October  24tb,  1897.  Leucocytes.  18,600;  haemoglobia,  100  per  cent. 
October  Slst,  1897.  Leucocytes,  11.600. 
November  4tb,  1897.  Leucocytes,  18,000. 
November  9th,  1897.  Leucocytes.  12.600. 
November  12th.  1897.  Leucocytes.  12,400. 

.Serum  reaction  absent;  fibrin  increased:  pure  culture  of  glanders  bacilli 
from  abscesses;  86  per  cent  of  the  leucocytes  were  polymorphonuclear;  eosino- 
philes  absent. 

The  bacilli  of  glanders  can  occasionally  be  cultivated  from  the 
blood. 

THE  BUBONIC  PLAGUE. 

In  1895  Aoyoma,  a  Japanese  observer,  studied  the  blood  of  this 
disease.^    He  found  the  bacilli  peculiar  to  the  disease  by  cover-slip 

>  Annales  de  Tlnstitut  Pasteur,  February,  1898. 
« Ref.  in  Sajous'  Annual.  1895. 
»  Lancet,  July  30th.  1898. 

*  Comptes  Rendus  de  I'Acad.  des  Sciences.  November  28d,  1868. 
^''Mittheilungen  aus  d.  Med.  Fac.  d.  Kaiserlich  Japanischen  Universitat,** 
woL  iii.,  No.  2.    Tokyo,  Japan.  1895. 
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preparations  from  the  blood.  The  red  rorpiturft^a  were  not  altered 
except  that  their  number  per  cubic  milliiuetre  was  at  times  increased 
(*•.//.,  7,000,000,  8,190,000).  The  cause  of  this  I  do  not  know,  but 
it  accounts  for  part  of  the  leucocytosis.  The  trhiff  t'otifuavhs  showed 
a  marked  incBease— 20,000  to  200,000  (I)  per  cubic  millimetre. 
This  leucocytosis  was  made  up  almost  wholly  of  polymorphonuclear 
leucocytes ;  the  eosinophiles  were  markedly  diminished,  and  the  blood 
plates  were  increased.  The  Austrian  Plague  Commission  found 
only  a  moderate  leucocytosis  in  most  eases. 


ACTINOMYCOSIS. 

Ewing  (lo€.  cit.)  reports  leucocytosis  (21,500)  in  a  single  case 
affecting  the  lungs,  and  Schmidt  gives  the  following : 


Dttte. 

October   6th 

15th 

20th 

26th 

November  4th 


'   Red  cells. 


8,170.000 

8.'21k)*,(hV) 
2.5r)(M)00 


White  ivlls. 


12,(K)0 
14.500 
19.7(H) 
22.9<N) 
1H.900 


Percent 
hfemofrlobiii. 

35 


38 
23 


In  two  cases  of  actinomycosis  occurring  at  the  Massachusetts  Gen- 
eral Hospital  the  following  counts  were  recordtul : 


Caae. 


2 


LucmtioD  of  Uie  dlwMe. 


Liver 


LuDgs. 


Leui-ocyten. 


RcniHrkM. 


81,700  I. June  IHth.  1H97. 

2H.4<H)  **      l«th. 

28.2(H)  "     2r)th.      Autopsy. 

20,900        April.  1897. 

2:^,000  ;  August,  1899.  Autopsy. 


EPIDEMIC    DH()I>SY. 
(Acute  Aniemic  Dropsy. ) 

MacLeod,  in  Vol.  HI.  of  Allbutt's  **Syst«MU  of  Medicine,"  de- 
8cril)es  under  this  title  a  disease  not  uiieoninum  in  India  and  other 
tropical  countries.  The  blood  shows  a  marked  and  constant  aiiiemia 
with  leucocytosis  and  an  **  iiKTease  of  granular  or  in<»lecular  luatter 
in  the  S4*runi."  Dr.  (ireen,  of  the  United  States  Marine  Hos})ital 
servit'e,  recently  wrote  nie  an  a<*count  of  two  <*ases  strongly  reseni- 
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bliiig  MacLeod's  descriptiou  of  epiJeniie  dropsy ;  these  caseH  wei^e 
observed  by  Ur.  (treeiie  at  Key  West,  Fla.  One  was  fatal  aiid  the 
Qther  elided  in  rerovery,  Tlie  blood  of  both  oases  was  notable  in 
that,  the  eor])Useles  were  almost  invariably  oval  instea<i  of  round,  re- 
minding hiiii  of  the  blofxl  of  ain])liibia.     He  was  good  enough  to 


...  i 

Pin.  m. -BIikkIIn  n.Mi-mti-  Tli<>r<»v.    Nium  ,»,.!  -Un,,.-  ,il  <s>n"i#'l-«.    MnenlBol  St" 

send  me  preparationa  of  the  blood;  a  niieroiihotogiaph  of  one  of 
them  is  here  rejjroduced.  Eouleaiix  fomiation  waa  absent,  another 
point  in  common  with  amphibian  blood.  There  was  no  apparent  in- 
croasi"  of  the  leucocytes  when  T  saw  the  blood,  late  in  the  conva- 
lescence of  the  second  case.  (On  the  significance  of  oval  forms, 
see  p.  85.) 

TETANUS. 
In  two  (fatal)  cases  of  tetanus  treated  with  antitoxin,  1  observed 
the  following  couuta : 

While  <«lt>.         Hn'iiu«t<>tilii. 

Case  L  June  81  Bt,  1897 ...11,100  70  per  cint. 

Jun«88d,  1897 II, WW 

"It IB.IWO 

The  eosinophiles  do  not  decrease  as  in  most  fevers. 

17 
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DBHl-BEKI. 

In  a  single  af-brile  case  seen  at  the  Maa^iu-hiiaetts  (reiieral 
Hospital  the  followiug  is  reoorded:  Red  eells,  :f,»»(l,000:  white 
cells,  7,800;  httuiiojjluhiii,  48  ]ier  cent. 

The  eoHiiiophiles  are  tuiid  ti)  tx^  much  iiicivast-il  in  the  ui-ute 
stages.  Speiieer'  states  there  is  no  leueocytosis.  En-mg  and  PaublpT, 
each  in  .'t  ptun^a,  found  normul  leiiciNiytc  itnuuts  with  uiudfinte  itiiw- 
fflia  anil  no  eusinuphilia. 

UELAl'SlNri   FKVBU 
(Sw-  pngcr  4aa.  I 

(a)  tH'iijn'iiiii'.     Ijeiicoejtoais  in  the  mie.     It  it  mast  marked  \ 
just  after  the  (■risis.      In  i'i>niitrie»  where  this  iliseaw  is  euiuii 
the  difHeulty  in  diagnosing  caseH  between  attacks  (when  the  spito<  \ 
ehffites  are  absent  frmu  the  blcmd)  i.s  frequently  met  with.      Iiflw«*n-  ] 
thai  has  jterfect^^'d  a  uietho<]  by  which  in  most  cases  the  diagno-   j 
sis  can  Xn-  made  by  means  nf  the  etTt^'t  of  the  serum  uf  susjmi 
eases    on    the  spiroi'lufiteH  of    uther  aetive  eases,     The    organism 
cannot  Iw  cultivated  as  yet,  so  that  a  diagnusiH  of  tbiit  kind  is  |mi8' 
sible  only  during  epidemies  when  fresh  blood  containing  the  organ- 
ism ean  Iw  obtaineil.     A  dmp  of  bUsMl  from  the  susjtected  ease  is  j 
mixed  witli  a  drop  from  a  [latient  then  undergoing  a  paroxysm^ 
and  the  two  art*  ttealed  with  wax  l>etween  nlide  and  nover-glasa  i 
and  left  in  the  thermostat  for  half  an  hour  tiigether  with  a  mix*   j 
ture  of  normal  blood  and  hlood  containing  spiroehietes  as  a  con- 
trol.    At  the  en<l  of  that  time,  if  the  eaoe  lie  one  of  relapsing  fever, 
the  organisms  in  contact  with  the  hlowl  from  that  oase  cfiKF  tJteir  1 
motion,  while  those  in  the  eootnd  are  lively.     It  in  not  aolump  r»^  ] 
action  but  a  direct  bactericidal  effect  which  pcrsixts  in  the  serum 
nearly  up  to  the  time  of  the  next  aCtaek.     The  diagnoRts  so  made  by -j 
LAwcnthal  in  forty  cases  was  verified  in  every  case  by  the  course  oC  * 
the  diseaAe.     In  this  way  mild  or  alN»rtive  eaaes  with  Jew  organUtnaj 
in  the  WikmI  can  also  be  identified. 

(A)   Pn'ijii'Hiiji.    If  the  alxtve  l>aeterieidal  power  lasts  as  late  S 
the  seventh  day  fnmi  the  last  uttaf'k,  and  in  snllieient  intensity  Ml 
immobiliie  the  spiru'hietes  in  oiii-  hour  nv  less,  there  will  he  no 
lajw.      If  these  conditions  are  nut  fulfilled,  n-lajise  is  sure  to  fol-l 
low  unless  prevented  by  treatment.      IiOwenthal  has  verified  thiB'j 
progiiostiu  use  uf  the  serum  in  over  [iiie  hundred  eases. 
'  Ijiiiifl.  .Iiiiiuur)-2tl.  »*»:, 


CHAPTER  V. 

DISEASES  AFFECTING  THE  SEROUS  MEMBRANES. 

Tuberculous  affections  of  serous  membranes  have  been  dealt 
with  elsewhere  (p.  280) ;  but  an  exception  was  there  made  of  pleu- 
risy, for  although  there  is  reason  to  believe  that  the  majority  of  cases 
of  serous  pleurisy  are  due  to  tuberculosis,  we  rai-ely  have  proof  of  it, 
and  most  observations  upon  the  blood  of  pleurisy  have  not  been 
accompanied  by  bacteriological  examination  of  the  effusion.  Tu- 
berculous cases  have  not  always  been  distinguished  from  non-tuber- 
culous.    Hence  the  two  are  necessarily  considered  together  here. 

SEROUS  PLEURISY. 

Von  Limbeck  finds  in  non-tuberculous  cases  from  13,000  to  15,000 
leucocytes  per  cubic  millimetre.  The  red  cells  and  haemoglobin  are 
not  much  affected  except  in  chronic  cases. 

Rieder  finds  in  non-tul>erculous  cases  during  the  stage  of  fevei 
moderate  leucocytosis,  13,000  in  one  case  in  which  the  bacteriology 
ical  examination  showed  the  presence  of  Fraenkel's  diplococcus  in 
the  exudation.  After  the  fever  has  subsided  the  leucocytosis  falls 
to,  or  nearly  to,  normal,  so  that  cases  examined  for  the  first  time 
some  weeks  after  onset  would  show  no  increase  at  all.  This  he 
thinks  explains  the  results  of  Halla  and  others  who  found  no  leuco- 
cytosis in  serous  pleurisy.  According  to  Rieder  the  pi-esence  or  ab- 
sence of  leuco(jytosis  depends  not  so  much  on  whether  the  product  is 
serum  or  pus  as  on  whether  the  trouble  is  stationary  or  advancing. 

In  tuberculous  pleurisy  despite  fever  Rieder  found  but  4,600  white 
cells  in  one  case,  and  Pick  got  similar  results  in  two  cases. 

Hayem  makes  no  clear  distinction  of  tuberculous  and  non-tuber- 
culous oases,  and  states  that  "  acute  inflammatory  "  pleurisy  has  from 
7,500  to  12,000  leucocytes  per  cubic  millimetre.  The  fibrin  network 
is  much  less  dense  than  in  pneumonia;  in  most  of  the  tuberculous 
cases  it  is  not  increased  at  all. 

Morse  reports  224  counts  in  20  cases  of  serous  pleurisy — 9  of 
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tln'in  tuberculous.     No  relation  could  be  established  between  the 

number  of  leucocytes  and  the  presence,  absence,  or  degree  of  fever, 

th«*  presence  of  blood  or  microscopic  pus  in  the  fluid,  the  amount 

of  fluid  or  the  duration  of  the  illness.     Increase  or  decrease  in  the 

amount  of  fluid  was  not  accompanied  by  any  parallel  change  in  the 

circulating  leucocytes. 

Only  10  of  the  224  counts  were  over  11,000,  and  9  of  these  10  were 

in  a  single  case  which  was  shown  at  autopsy  to  bt»  complicated  by  a 

secondary  pneumococcus  infection.     Morse  concludes  that  primary 

serous  pleurisy  does  not  show  a  leucocytosis.     His  figures  are  as 

follows : 

From    3.000  to    4,000 2  cases. 

4,000  "     5,000 19  - 

5.000  *•     «.000 40  •* 

6,000  -     7.000 31  ** 

"        7.000  **     8.000 50  ** 

"        8.000  "     9.000 42  ** 

9.000  "    10,000 27  - 

"       10,000  "    11.000 8  •* 

"       11.000  ^   12.000 4  ** 

**       13.000  ^    14.000 1  ** 

Total 224  cases. 

The  following  chart  (Morse)  shows  how  "  the  white  count  dodges 
up  and  down  without  the  slij^htest  apparent  connection  with  the  quan- 
tity of  fluid." 

In  242  cases  examined  at  the  Massachusetts  General  Hospital 
the  count  of  leucocytes  was : 

T.MiLK  XXIV.— Pi.KUKiTic  Efkuwon  (SEROrs). 

Between    3.0<M)an(l    4.000 4  cases. 

4. (MM)    •*       5.(MM) 11  " 

5.(MM)    **       «.(MM) 30  ** 

«.(MM)    **       7.(MM) 29  ^ 

7.(MM)    -*       H,(MM) 20  ** 

H.(MM)    ^       9.000 40  »* 

"           9.(MX)    **     10.000 29  " 

10.(MM>    "     11, (MM) 27  ** 

11. (MM)    •*     12.()(M) 11  " 

12.(MM)    "     15,(XM) 25  ^ 

Over  15.(MM) 10  ** 

Total   242  cases. 

Average  =  6.130. 


SEROUS  PLEURISY. 


2fa 


'-^i- 
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Here  tuberculoua  and  iion -tuberculous  oases  are  not  distinguished, 
and  a  majority  of  them  wei'e  not  seen  till  the  trouble  had  been 
going  on  two  or  three  weeks.  The  patients  did  not  seek  advice  until 
the  eflusion  was  large  enough  to  cause  dyspnoea.  Of  the  242  cases 
all  but  35  had  no  ieu- 
cocytimn.  Most  of  the 
cases  were  afebrile  or 
nearly  so.  Ei){ht  cases 
reacted  to  injections 
of  tultereuliti.  Xone 
of  these  eight  had  leu- 
cocytosia. 

Tlie  cases  with  leu- 
eocytosis  wei'e  mostly 
those  seen  in  the  fe- 
brile stage,  near  the 
beginning  of  the  sick- 
ness. No  differential 
counts  were  uiaale. 

In  chrunin  cases 
the  red  cells  are  said 
to  be  considerably  di- 
miiiished,  but  this  has 
not    been  tlie  case    in  "**■  "■ 

our  series :  no  count  of 

under  4,000,000  was  recorded,  and  the  oohirins  matttr  was  not 
much  diminished. 

Smnmarif. 

1.  Red  cells  and  hemoglobin  show  no  important  changes. 

2.  In  adults  the  white  cells  are  probably  ne^'er  steadily  increased 
as  a  result  of  simple  uncomplicated  serous  pleurisy.  Occasional 
waves  of  leurocytosis  occur  in  a  small  percentage  of  c-ases,  but  even 
then  the  leucocyte  count  rarely  reaches  14,000.  Continuous  leueo- 
cytosis  indicates  some  complication. 

Diaijii'istir    V'lltie. 
The  blood  count  may  help  a  good  deal  in  doubtful  cases  by  ex- 
cluding empyema,  pneumonia,  and  malignant  disease  of  the  lung, 
all  of  whii-h  are  accompanied  by  high  leucocyte  counts.     Compare 
the  average  count  in  serous  pleurisy,  6,130,  with  the  average  in  pneu- 
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monia,  24,000,  or  in  empyema,  18,300.     The  few  counts  I  have 
seen  of  malignant  disease  of  the  lung  have  been  still  higher. 

Hayem  insists,  rightly  it  seems  to  me,  that  clinicians  could  get 
real  help  from  blood  examination  in  almost  every  ease  of  doubtful 
diagnosis  in  which  the  lung  and  pleura  are  in  question.  In  children 
the  leucoej'tes  are  sometimes  considerably  increased  by  even  a  sierona 
inflammation,  their  blood  reacting  always  more  strongly  than  that 
of  adults  to  any  morbid  influence,  and  in  them  it  may  be  impossible 
to  distinguish  serous  from  purulent  pleurisy. 

PURULENT  PLEUntSV  (EMPYEMA). 
The  counts  in  twenty-six  cases  observed  at  the  Massachusetts 
Hospital  are  as  follows : 

TAIII.K  XXV.— Empyema. 

'.  Sri.     RfUvvlH.        '*'' 


.Vi.000 
49.300 

4.?.noo 

ST.TWI 


Stn'ptopoccuB. 
Pneumococcl  in  pus. 


8I.4IHI 

23.110(1 

4i.r>i)c) 

41, INN) 

311,  INK) 
SM.INM) 
87,  MK) 
S-l.tUX) 

H4. .'>«(» 


•ifili  ilay. 
;iKliili  <la 


lay. 


lEiKli 
First 

Tlilnl  <iiv. 
Firth  (lav. 
Eighth  duv.    Tap. 
El>-vcnl)i  dav. 
;Fiiiinn'ntli  dav. 
jSovHitfi-tiiti  liiiy. 


'Film 


mil. 


t^rst  lUy. 
Tliini  <lay. 
Sfxtli  day. 
Kiclitli  liny     Pnciimoroccl  Id  pMB. 
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Tarle  XXV. — Empyema  {Continued). 


VWft_  lA 

Per  cent 

• 

Ajre. 

Sex. 

Red  cells. 

Whlu* 

m  1 

haemo- 

Remarks. 

s 

26 

•    • 

wUs. 

globin. 

14. 

24,000 

21,000 

22,800 

45 

22, 8(H) 

June  5th. 

84,700 

June  7th. 

29,800 

June  8th.  Tapped  turbid  serum. 

17,700 

June  9th. 

22,000 

June  10th. 

22,100 

June  12th. 

21,800 

June  14th. 

17,200 

June  22d. 

27,800 

June  24th. 

30, 100 

June  29th. 

25,800 

* 

July  8th. 

22,600 

Pneuniococcus. 

16 

6 

•    • 

21.600 
34,500 
20,600 
14,700 
11.400 
11,700 
18,000 
26,000 

• 

Pneumococcus. 
Five  days  later. 
January  5tli. 
January  7th. 
January  2M. 
January  26tli .    Tapped. 
January  80th.  Re-accumulation. 
February  8d.     Operated  ;  pneu- 
mococci  and  streptococci. 

16       2 

19.600 

17     45 

18,700 

•   • 

Friedlttnder's  bacillus. 

18  1     6 

16,900 

•   • 

Tap.  pus. 

19  ,  24 

4,152,000 

15,000 

45 

Operatetl. 

20     27 

14.200 

21      39 

18.800 

•  • 

Gangrene  of  lung  also. 

t 

14.9(X) 

•  • 

Fifth  dav. 

22,800 

•  • 

Fifteenth  day. 

22     30 

■    « 

13,(K)0 

23       8 

•    • 

13,000 

•  • 

Sterile. 

24     22 

•   ■ 

12,700 

Tuberculous. 

'4',m,m 

10.800 

48 

December  20th. 

18,ri(K) 

•      • 

December  22d.    Broke  into  limg; 
cultures  sterile. 

14.500 

•      • 

January  2d. 

18.800 

•    • 

January  4th. 

10.000 

•     • 

January  9th. 

16.200 

50 

Pneumococcus. 

15.500 

15.200 

4,500,000 

14.0(K) 

4,850,000 

12.650 
12,450 

a5 

60 

4,000,000 

12.000 
11.700 
10.900 

44 

Cultures  sterile. 

25     71 

•    • 

H.400 

.  ■ 

Three  ciuarts  sterile  pus. 

' 

7,600 

.  ■ 

Operated;   Heveral  pints  of  pus ; 

26     45 

1 

•    ■ 

6.500 

streptococci. 
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s  pli^urisy  as  above  noted. 


Thia  ia  in  marked  contrast  with  Her 
Von  Limbeck  noticed  Uie  sume  thiii);. 

(Ewing :)  "  In  a  case  of  enijiyenia,  in  which  tubercle  l>acilli  were 
extremely  nmueronn,  the  writer  foiiml  UK>ilerat<'  iiitermitU'rit  leu- 
oocytosis  {niaxinium  IK.UUO)." 


I'EHITONITIS. 

A  patient  with  senma  jileuriay  (inm-tuhen-nlous)  is  hardly  ever  in 
danger,  while  if  the  general  peritoneal  canity  is  the  seat  of  a  Uke 
inflauunatiou,  ref^oveiy  is  almost  out  of  the  question. 

This  clinical  diEEerence  is  parallel  to  the  difference  in  the  blood 
condition.  Any  inflammation  of  the  peritoneum  (non-tul)ervulous), 
whetlter  serous  or  purulent,  calls  very  large  numlwi-s  of  leueocyt^s 
into  the  peripheral  blood.  The  only  exceptions  to  this  rule  are 
those  cases  in  which  the  organism  is  so  overwhelmeil  by  the  dis- 
ease that  it  offers  no  resintance.  We  have  seen  that  this  same  eflTcot 
is  produi^d  in  the  sewi'est  cHttes  of  pneumonia  and  diphtheria,  and 
)ireauinal)ly  it  is  true  of  many  other  infectious  diseases  in  wliioh  the 
blood  has  been  less  carefully  studied. 

Almost  all  eases  of  general  septic  peritonitis  show  very  marked 
leuoocytosis,  and  the  spreading  of  a  lot^alized  proi^ss  in  always  in- 
dicated by  an  increasing  leucoeytosis.  Rut  here  and  there  it  hap- 
pens that  the  ]>atient  cannot  react  against  the  disease  at  all,  and 
then  the  leuoocyl«s  are  normal  or  diminished.  This  never  occurs 
in  empyema,  bei^use  the  system  is  never  so  overwhelmed  by  a  sep- 
tic i>rocess  in  the  pleura.  The  fibrin  network  is  increased  in  almost 
all  cases.  The  following  counts,  all  in  fatal  cases,  illustrate  these 
points : 

Tablb  XXVI.— Gkxkual  Peritositfh. 


l^tnbMii:    trMd    •ppradix- 
(■•nfinl  iBVOc. 

Nhii  !«■». 

IWifitil-r  Hth,    EpIfHiilP. 


PERICARDITIS  WITH   EFFUSION. 
Table  XXVl— Oknerai.  PKHi-n)SiTi»  iOmtiuutd^. 


So. 

AW. 

Sex. 

»,„,.. 

St 

Prr  wnl 

....^ 

ia.au 

'hnmlr.  punilmL 

IS 

» 

H 

w 

'S 

15 

imiia 

W 

OlMnictltm:   dtod    In    Uin¥   dkn;    >u- 

'S'.-Ts;«es,  s,!i  e 

!-i!i: 

jssa  """■ 

il 

Diiiifiiostie    Vnlve. 

1.  When  a  diagnosis  rests  between  [leritonitis  and  («)  obstruc- 
tion (iion-maligiiaut);  (/')  malignant  disease;  (c)  hysteria,  phan- 
tom tumors  or  malingering,  the  presence  of  marked  leucocytosis  with 
increase  of  the  tibriii  network  speaks  strougly  in  favor  of  peritonitlti. 

Obstniirtion  or  nialigiiaut  di.iease  may  increase  the  number  of 
leucocytes,  but  rarely  increases  the  amount  of  fibrin. 
Hysterical  or  malingering  patieuts  have  normal  blood. 

2.  We  cannot  distinguish  serous  from  purulent  peritonitis  in 
septic  cases,  b»it  tiihfmi/riuK  perifouitiit  can  always  be  excluded  if  leu- 
eocytosis  is  present, 

;i.  As  to  the  "  chronie  granular  peritonitis,"  non-tuberculous  and 
non-septic,  I  have  seen  no  reference  in  hiematological  literature  and 
have  no  first-hand  knowledge. 

4.  In  the  iroritt  cases  leucocytosis  may  be  absent,  aa  in  the  most 
virulent  type  of  pneumonia. 


Pf;ill('AliniTIS  {WITH  EPPLSION). 

As  iu  most  other  inHammations  of  serous  menibraiies  we  can  dis- 
tinguish the  tulierculous  cases  which  have  no  leuroc^ytosis  from  the 
rheumatic   or  septic  ca.ses  which  always  increase  the  white  cells. 
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The  tuberculous  cases  are  diM^usscd  under  tuberculosis  (see  p.  285). 

The  foUowiBg  counts  iUustiato  the  rheumatic  fotin  of  the  disease : 

Taulb  XXVII, 


Vmt. 

Redoelli. 

WhIuoeUi. 

RlablD. 

1 

4a,  400 

NoTember    3d.  1S95. 

Sovember   7th.  I8M5. 

Nov,-iiiberlUh,  1895. 

17.. WO 

December    8th,  effusion  nearly  gone. 
December    24lh.   endo  ■  pericardiliB. 

ai.eoo 

clironic  ne))hritis. 

December  aSth. 

8tt,fl00 

Det^'ember  3eth,  no  ferer. 

38.700 

M«y  let. 

19,200 

MaySd, 

88.800 

ao.ioo 

May  eth. 

10.400 

December  14lh. 

Deremher  SOth.  effueion  subeidiiiK. 

34.000 

It 

4. 188, 000 

18,447 

87 

« 

10.400 

7 

14.000 

«G 

6 

12.  WW 

68 

T.„Z' 

Hayeui  has  noted  thut  ijericanlitis  is  far  more  apt  to  produce 
leueocytusis  thau  is  endocanlitis. 

Jtifii/Himrir    I  'u/mc, 
ill  excluding  cardiac  hy|>ertru]diy  or  simple  ililatation  with  rap- 
tured ciiu|K<nsuti<jti,  Utth  of  which  may  occasionally  simulate  a   i 
pericardial  effusion,  the  jtrewuce  of  marked  leiicivyiosis  w  abao-  ■ 
lutely  decisive.     When  we  are  sure  that  ethision  exists,  the  abaenos  | 
of  leucocytosis  points  strougly  to  a  tuberculous  [jriK-ess  as  its  cause. 

MKNlNdlTIS. 
I^'Ucocytosis  is  usually  well  miirked.     Von  Limliei-k  (insiders  | 
that  tul>erctilous  meningitis  can  Iw  distinguished  fi-oiu  imrulent  by  i 
the  absence  of  lenctfcytosia  iu  tulierculouH  cases,  liut  Osier' states  that   I 
many  eases  of  tutjcn^uloiis  meningitis  i/o  lijive  leutwytosis  tlirough- 
uut  their  course,  and  my  own  obseri-ations  (see  Tsble  XXVlIl.)Uaid  | 
to  confirm  this.     Of  Riedcr's  cases,  one  had  leucoi-ytosia  and  one  did 
not.     Zappert's  case  had  11, KW  white  cells,  and  Ziemke  one  with  J 
17,r)00.     It  seems,  thetvfore,  that  we  sometimes  have  here  an  ex-  J 
'  "  Pmciic-  <.f  -M.-diiioc."  ai  <illii<m 
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ception  to  the  mle  tliat  tuberculous  processes  do  not  i)roduce  leuco- 
cytosis.  Certainly  some  cases  do  follow  this  rule.  But  however 
this  may  be,  it  is  certain  that  purulent  meningitis,  whether  second- 
ary or  of  unknown  origin,  is  characterized  by  high  leucocyte  counts, 
and  if  in  a  case  evidently  of  meningitis  of  some  kind  leucocytosis  is 
absent,  the  case  is  probably  tuberculous  in  origin. 

Table  XXVIII.— Meningitis. 


• 

o 

Age. 

sz: 

1 

10 

2 

A(hilt. 

8 

4 

23 

5 

9  nios. 

6 

15  ** 

7 

7 

8 

26 

9 

20 

10 

2 

11 

22 

13 

:i.5 

v^ 

26 

M. 


Red  <*ell8. 


White 
i-ells. 


62  0(N) 
5,900,000    40!0(K) 


M.   6.4()0,(K)0 
M.   6,000,000 


F. 
M. 
M. 
F. 
M. 


5,020,000 


■  «  •  • 


M.   4,350,000 
M.,  5.040.0(H) 


33,000 
27,500 
16.500 
27.000 
19.5(K) 
16,0(H) 
16,000 
15.784 
14,200 

14,000 
11.7(K) 
11,200 


Per  i-ent 
hfetno- 
globin. 


95 


73 


72 


RemarkK. 


Autopsy :  pneumocoocus. 

Diflf.  l.OOO  cells:    Adult  cells.  98 

per  cent. ;  young  ct^lls,  7 ;  eosin- 

ophiles,  0.' 
(Otitis  ?)  question  of  typhoid. 
March  16tli;  cerebro-spiual. 

'*      18th. 
Tuberculous;  no  autopsy. 


Autopsy:  cerebrospinal, 
l^silar :*  no  tuberculosis  in  family ; 
liad  pneumonia. 


Specific. 


Ct't't^ln'O'Spinftf  tuffilnf/itts  (see  Cases  4  and  9,  Table  XXVIII.) 
shows  the  same  (;hara<*teristics  in  the  blood  as  do  cases  limited  to  the 
cerebral  meninges.  A  v.  ase  reported  by  v.  Jaksch '  had  4,800,000 
red  and  L>4,000  white  cells. 


EiMDEMIC  CEREBRO-SPINAL  MENINGITIS. 

Williams  finds  leucocytosis  in  about  two-thirds  of  his  cases. 

The  following  counts  were  made  during  the  ej>idemic  of  1897. 
The  red  cells  are  not  markedly  affected.  Vasomotor  polycythaemia 
may  occur.  Leucocytosis  is  the  rule,  but  is  not  invariable.  In  a 
j^j'Hcral  way  the  higher  the  count  the  severer  the  case,  and  the 
rount  usually  rises  as  the  cast*  gets  worse  and  falls  with  improve- 
nuMit,  tliouj^h  often  very  slowly.  In  the  febrile  recrudescences  so 
common  in  chronic  cast\s,  tlu'  hnu'ocytes  usually  rise  again,  though 
the  eosinoj)hiles  may  not  disappear  as  they  ordinarily  do  in  the  ear- 

'Zeit.  f.  klin.  Med.,  1H98.  p.  is?. 
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lie«t  days  of  the  illness.     No  prognostic  inferences  can  be  drawn 
fr<7^  the  behavior  of  the  eosinophiles  in  meningitis. 

Table  XXIX.— Epidemic  Cerebro-Spinal  Meninoitib. 

White  cells.  CouDto. 

Between   5,000  and  10,000 9 

**        10,000    -    15,000 50 

**        15.000    "    20,000 42 

"        20,000    *•    25.000 27 

"        25,000    "    80.000 21 

80,000    **    85,000 9 

85,000    *•    40,000 10 

40,000    "    45,000 7 

45,000    *•    50.000 1 

50.000    *•    55,000 5 

Total 181  counts. 

Flexner  and  Barker,  investigating  a  large  epidemic  at  Lona- 
coning,  Md.,  found  leucocytosis  in  every  case  (12,000-32,000  per 
cubic  millimetre).  The  epidemic  studied  by  Williams  and  myself 
was  apparently  due  to  the  diplococcus  intracellularis  of  Weichsel- 
baum.  Secondary  meningitis  (otitis  media,  etc.)  seems  to  have 
similar  effects  on  the  blood. 

Diagnostic    Value, 

Meningitis  is  the  only  intracranial  disease  (except  abscess  and 
apoplexy)  which  shows  leucocytosis,  and  this  fact  may  be  of  great 
help  in  excluding  other  causes  of  coma. 

1.  Brain  tumor,  hysteria,  lead  encephalopathy,  and  most  cases 
of  narcotic  or  alcoholic  intoxication  do  not  cause  leucoi^ytosis  and 
hence  can  l)e  excluded  by  its  presence. 

2.  Unemia,  apoplexy,  sun-stroke,'  diabetic  coma,  and  post -epi- 
leptic coma  may  have  leucocytosis  and  cannot  be  distinguished  from 
meningitis  when  leuc(K*ytosis  is  present;  but  the  absence  of  leuco- 
cytosis excludes  meningitis. 

3.  Some  cases  of  typhoid,  when  seen  for  the  first  time  and  with- 
out a  history  of  the  previous  illness,  may  l)e  difficult  to  distinguish 
fnmi  meningitis,  but  typhoid  never  has  leucocytosis  if  uncomplicated 
and  meningitis  always  has. 

4.  From  pneumonia  we  cannot  distinguish  meningitis  by  tlie 
blood  count. 

•  In  a  CHw*  of  heat  exhaustion  (tempiTfttnre  104)  without  conm,  a  leuco- 
cyte count  of  27,200  is  roconled  at  tlie  Massachusetts  General  Hospital. 


PART  III. 

CHBONIC   INFECTIOUS  DISEASES. 


CHAPTER  VI. 


TUBERCULOSIS. 

Red    ('ORPITSCLES    and    HiEMOOLOBIN. 

(ft)    Quantitative   Chanffe.s, 

T.  The  striking  faet  is  the  absence  of  such  anaemia  as  we  should 
expect,  judging  from  the  pallor  of  the  patients  and  the  nature  of 
the  disease.  It  is  common  to  find  a  normal  or  even  increased  num- 
ber of  red  cells  in  pale  cachectic-looking  consumptives.  We  cannot 
help  wondering  whether  our  methods  of  examination  are  at  fault, 
that  is,  whether  the  drop  we  examine  is  typical.  (For  discussion 
of  the  subject  see  j».  72.)  However  this  may  be,  it  is  undoubtedly 
the  fact  that  in  most  cases  of  tuberculosis,  even  in  advanced  stages, 
the  count  of  red  cells  is  approximately  normal.  Often  the  hsemo- 
gh>bin  is  also  high. 

II.  In  a  smaller  number  of  cases  the  haemoglobin  is  much  di- 
minished, although  the  count  of  red  cells  is  normal — in  other  words, 
we  find  the  blood  characteristic  of  a  moderately  severe  secondaiy 
anaemia.  The  red  cells  are  numerous  enough,  but  only  because 
their  numbers  have  l)een  recruited  by  the  influx  of  "  half-baked  "  or 
decrepit  corjmscles,  small-sized  and  pale,  poor  in  albumin  and 
hiemoglobin. 

The  condition  differs  from  that  of  chlorosis  mainly  in  that  some 
of  the  red  cells  are  normally  develoj)ed  and  nourished,  while  in 
chlorosis  all,  or  nearly  all,  ai*e  feeble.  Such  blood  occurs  in  the 
severer  and  more  cachectic^  sufferers  from  tul)erculosi8,  just  often 
enough  to  make  us  wonder  that  it  is  not  ahrayn  to  be  found. 

III.  In  a  small  percentage  of  cases  l)oth  red  cells  and  haemo* 
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globin  ore  ooiisiderablj'  [lii]iinislii>(1,  tht?  latter  usually  suSeribg 
more  tliau  do  the  artual  iiuiiibcr  of  wIIh,  that  in,  the  color  index  is 
usually  beluw  1. 

Von  Limbeck  '  has  recorded  a  case  in  which  in  the  course  of  a 
tuberculouii  jiroceaa  (acute  miliarj')  the  red  cells  fell  as  low  as  T.'iO.OOO 
(white  cells,  4, .100;  hiemogilobin,  twenty-five  per  cent).  Hut  the 
account  of  the  blixxl  is  not  sufficiently  explicit  in  this  case  to  enable 
us  to  exclude  a  true  peniicious  ansuiia  in  the  course  of  whicli  Iho 
tuberculosis  may  have  been  only  the  last  incident.  No  other  such 
caae  ia  on  record,  so  far  as  1  aui  aware. 

(Ewing :)  "  In  phthisis  as  well  iis  in  other  tulteriuilous  processes, 
great  caution  must  lie  used  in  judging  of  the  patient's  improvement 
from  an  increase  in  if  d  cells  or  luemoglobin.  The  writer  has  seen  the 
hsmoglobin  and  red  cells  increase  while  the  patient  was  rapidly  loa- 
ing  flesh,  the  lesions  advancing,  anil  the  total  (pinntity  of  bhxjd  doubt- 
less falling.  In  several  of  Bierfieund's  cases  the  haemoglobin  steadily 
inRreaaed  while  the  patient  wao  ilevelo]>ing  general  tulierculosis." 

IV.  fiiirin  is  not  iiici'eased  unless  extensive  secondary  infection 
ia  present. 

I.  There  may  U'  none  whatewr. 

II.  Thew  may  be  only  a  pallor  of  some  of  the  individual  cor- 
puscles with  slight  chan^fH  in  si/e  and  shain-. 

TIT.  In  very  severe  cases  the  ifoikilocytosis  may  l>e  extreme,  but 
this  is  niiiRh  rarer  than  in  many  other  cachexias  of  the  same  severity 
(o.  If,,  malignuit  disease). 

IV.  An  imjwrtant  jioint  is  tlie  usual  aliBcni-e  of  nmdeated  red 
cells.  Even  after  hemorrhagi-s  it  is  rai-e  to  tind  any  nucleated  red 
cells,  and  this  ia  in  marked  eontrast  with  cancer  cases,  in  which 
nucleateit  red  e*lls  are  the  nile. 

V.  The  ilegeuerative  changes  described  by  Maragliano  are  som^ 
times  found  in  seven-  cases  with  mixed  infection  (ndr  in/mt. 

As  regards  the  influence  of  the  different  seats  of  tuberculous  dis- 
ease (meningeal,  pnlnnmarj*,  gen i to-urinary,  acute  miliar^',  etc.) 
upon  the  red  corpuscles  and  hienioglobin  the  following  are  the  prob~ 
abilitirs. 

Purv  tuberculous  disease  itself,  whatever  its  seat,  has  little  or  no 
«t  upon  th«  blood.     The  widely  diRerent  conditions  of  the  blood 
'Ijf.  ril  .  p.  asfl. 
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found  in  different  eases  depend  probably  on  the  presence  or  absence 
of  various  other  organisms  (diploeoceus  lanceolatus,  pyogenic  cocci) 
associated  with  the  tubercle  bacillus,  and  on  whether  there  is  some 
drain  on  the  body  albiuninoids  (diarrhcea,  peritoneal  effusion,  star- 
vation, prolonged  suj)puration).  When  the  infection  is  a  mixed 
one,  the  blood  shows  the  ordinary  effects  of  septicemia  (for  then 
the  case  is  practically  one  of  septicemia)  in  lessening  the  numlx»r 
and  quality  of  the  red  cells.  When  there  is  drain  on  the  fluids  and 
proteid  constituents  of  the  body,  the  red  cells  may  not  seem  to  Ix^ 
diminished,  owing  to  tlie  concentration  of  the  blood  from  loss  of 
fluid.  Under  such  cir(»um stances  they  may  even  seem  inci-eased, 
but  the  individual  corpus(*les  are  sure  to  Ix*  lacking  in  hemoglobin 
and  the  other  nitrogenous  bodies  of  whicli  they  largely  (consist. 

Fever  may  l)e  present  without  there  l)eing  any  changes  in  the  i-e<l 
cells  that  we  can  detect.  It  is  only  septic  fever,  and  not  the  fever 
of  pure  tuberculosis,  that  drains  the  corpuscles  of  their  vitality  and 
lowers  their  numbers. 

LkIU'OCYTKS. 

(a)   Qumititdtirf  Chtnifjea. 

Here,  as  with  the  red  cells,  the  striking  fac^t  is  the  absence  of 
changes  in  pui-e  tuljerculosis.  It  makes  no  difference  whether  we 
are  dealing  with  tul)erculosis  of  the  bones,  serous  membranes,  or 
inU»rnal  organs.  80  long  as  the  infection  i*emains  unmixed  the 
whit**  cells  are  not  increased.  In  certain  localities  (lungs,  kidneys) 
the  op])ortunities  for  a  secondary  infection  and  septicemia  are  so 
great  that  we  frecpiently  find  evidence  of  it  in  the  blood.  On  the 
other  hand,  j)soas  abscesses  before  they  are  opened  often  contain 
only  tul)ercle  bacilli,  and  tlu^  blood  of  such  cases  shows  no  consider- 
able changes. 

So  mu(^h  more  is  known  of  the  numerical  variations  of  the  leu- 
co(\ytes  in  tuberculosis  than  of  the  other  blood  constituents,  that  I 
shall  give  a  separate  account  of  them  in  phthisis,  in  tuberculous  lK)ne 
disease,  in  tul)er(nilous  meningitis,  acute  miliary  tuberculosis,  genito- 
urinary tuberculosis,  and  tuberculous  i)eritonitis. 

I.   PHTHISIS. 

I.  In  tnrlph'fit  phthhh  the  leuco<*ytes  are  normal  except  after 
hemoptysis. 

II.  After  atta(^ks  of  /tfrniojiti/sh,  there  is  usually  leu<HX^yto8is, 
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subject  to  wide  variations  aeeording  to  the  amount  of  the  hemor- 
rhage and  the  resisting  i)ower  of  the  patient. 

This  follows  the  laws  of  ordinaiy  i)ost-heniorrhagic  leueo<*yto8is 
(r/f/^  supra)  and  disap^iears  quickly  when  the  hemorrhage  ceases. 

III.  CfirUles, — Very  constantly  accompanied  by  leucocytosis. 
Indeed  the  absence  of  leucocytosis  in  any  case  proves  tlie  absence  of 
any  cavity  of  considerable  size. 

(Ewing:)  "The  writer  has  seen  both  lungs  consolidated  and 
riddled  with  small  cavities  in  a  case  lasting  five  weeks,  yet  the  leu- 
c<H'yt*»s  were  lu^ver  found  above  12,000.  The  absence  of  leucocy- 
tosis in  these  cases  of  acute  phthisis,  which  resemble  pneumonia, 
may  often  Im*  of  value  in  diagnosis.  Similarly  in  a  c^se  of  subacute 
empyema  in  which  the  tubercle  bacillus  was  largely  concerned,  the 
leuc(K'vtes  wen»  found  not  to  exceed  14,000  during  an  acute  febrile 
I)eri()d." 

IV.  Extf'Hsire  ittjiltration  ("tuberculous  pneumonia  ")  may  cause 
marked  inci*eas<»  of  white  cells,  sometimes  as  givat  as  in  croupous 
pmnimonia,  but  this  is  not  invariable. 

V.  FUn'n'ul  J^hthisln  (chronic  interstitial  pneumonia). — As  a  rule 
the  leucocytes  show  noincivase,  but  if,  a.s  sometimes  occurs,  we  have 
the  combination  of  this  (nmdition  with  cavity  formation,  the  latter 
may  increase  the  count  of  whit**  cells. 

VI.  Fmr. — When  the  temperature  is  normal,  tlic  hnutwytesiire 
normal,  but  a  febrile  state  may  or  may  not  be  a<M'omj)anied  by  leu- 
etwytosis  (a<*c()rding,  presumably,  as  the  fever  is  or  is  not  due  to 
pyogenic  organisms). 

VII.  Ttt/H^tTtth'n  Injertions. — At  the  height  of  the  rea<*tion  fever 
the  leuciH'ytt's  almost  always  rise,  the  lymph(M*ytes  and  eosinophiles 
Umuv:  relatively  increased. 

In  a  general  way,  the  worse  the  case  the  higher  the  leu<MM'yte 
count,  yet  the  signs  may  Im*  advanced  without  <*ausing  any  leuco- 
cytosis if  cavities  an»  absent. 

The  following  tables  give  s(mie  idea  of  the  range  of  the  counts 
in  average  hospital  eases  of  phthisis: 

Phthisis— Rki)  Cki.ls. 

Ii<t\veeii  '2.0<M).l>00  and  8.(MM)JMM)  =     1  case. 
:i(MM).IMM)     "      4.<MM>.(MM)=  18  cases. 
4.<HXK00()    ^     ."iJMMKCMM)  =  25      ** 
r>.0<H>.(XK)    *•     6.(MK).(M)0  —  MS      " 

Total    0<)  cascfi. 
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Phthisis — HiKMOOLOBiN. 
From  10  to    20  per  cent  =    1  case. 


M 

20  ' 

30 

u 

=  0  ** 

U 

30  -* 

40 

u 

=  4  cases. 

u 

40  ** 

50 

u 

=  6  « 

u 

50  " 

00 

u 

=  19  " 

u 

ftO  " 

70 

M 

=  '23  " 

u 

70  -* 

80 

M 

=  16  " 

u 

HO  ** 

90 

tt 

=  6  " 

u 

90  " 
Total 

100 

U 

=  5  " 
. . .  .80  cases. 

Phthisis — White  Cells. 
Between    3,000  and    4,(HX)=    5  cases. 


4,000 

M 

5.000=  4 

5.000 

•4 

6.000=  9 

6,000 

U 

7,000=  9 

7,000 

U 

8,000  =  10 

8,000 

M 

9,000=  9 

9,000 

u 

10,000=14 

10,000 

u 

11,000=  5 

11,000 

u 

12.000=  7 

12.000 

u 

15.000  =  25 

15,000 

ki 

20,000=  16 

20.000 

u 

30,000=  8 

80,000 

u 

40.000=  3 

otal  . . . 

.  •  < 

•   •••••   •   •     \.  ^^K 

The  number  of  those  showing  leucoeytosis  is  slightly  greater 
than  those  without  it,  probably  because  incipient  cases  rarely  think 
themselves  sick  enough  to  come  to  a  hospital.  On  the  other  hand, 
some  of  the  cases  which  appear  to  have  been  going  on  for  months 
have  normal  leucocyte  counts.  The  duration  is  less  important  than 
the  nature  and  severity  of  the  process.  It  is  ran*  to  see  extensive 
sig^s  in  the  lungs  without  leucocytosis — libroid  phthisis  exce[)ted. 

Qualitative   Changes  in  the    White  Cells, 

1.  Many  cases  show  none  at  all. 

2.  When  the  leucocyte  count  is  normal  we  may  find  an  increased 
percentaj^e  of  large  and  small  lymphocytes,  such  as  is  comnumly 
found  in  any  blood  poor  in  nutritive  qualities  (see  j).  96). 

3.  When  leucocytosis  is  present,  we  usually  find  the  ordinary 

18 
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mai'ked  increase  in  the  percentage  of  polymorphonuclear  cells  at  the 
expense  of  the  lymphocytes. 

For  example :  C  1) ,  male,  thirty-two  years  old.  Tubercu- 
losis of  lungs,  with  cavities;  leucocytes,  17,580.  Differential  count 
of  1,000  cells  shows : 

Per  t-eot. 

Polymori)liouuclt*ar 88.4 

LympluK'Vtfs  (small) 8.2 

Large  lynipho(*ytes  (large  and  transitional) H.4 

£osin(>phil(*H 0. 

4.  Eosinophiles  aiv  increased  during  the  reaction  from  an  injec- 
tion of  tuberculin,  and  also  in  some  cases  with  cavities  in  which 
possibly  the  individual  inoculates  himself  with  tulx^rculin  manufac- 
tured in  the  cavities  of  his  own  lungs. 

Otherwise  the  eosinophiles  are  increased  only  at  certain  physio- 
logical seasons— menses  and  coitus.  In  most  cases  associated  with 
leucocytosis  they  are  absent. 

5.  Myel(Krytes  weiv  found  by  Holmes,  \V.  K.  May,  and  myself 
in  many  cases  of  advanced  ]>hthisis.     They  averaged  /^  i)er  wnt. 

Perhi  iirlt^n  r   liaanph  ilia . ' 

Neusser  and  his  followers  have  advanced  a  theory  that  tht*  (k^- 
currence  of  ])erinu(dear  basophilia  during  tuberculosis  is  a  favorable 
sign  and  marks  a  syst4»m  capable  of  insisting  the  tulx'rculous  infec- 
tion. The  i-esearclies  of  Futcher  an<l  my  own  att4»mj)ts  to  verify 
Neusser's  theory  have  not  confirmed  his  findings. 

Holmes,  of  Denver,  has  studied  the  leucocyt<»s  in  phthisis  with 
great  caiv  and  c(msiders  that  he  finds  therein  means  not  only  of 
diagnosing  tul)erculosis  by  the  blood  alon-?,  but  of  measuring  the 
<legn'e  of  ailvancement  of  the  process,  and  the  amount  of  n*sisting 
])ower  in  the  patient. 

I  have  carefully  followed  out  Holmes'  pnK'cdures  with  stains 
seen  and  aj)proved  by  him.  1  can  verify  most  of  his  stat4MiH'nts  of 
fact,  but  some  of  the  infen»nces  which  he  draws  therefrom  an»,  I 
think,  wholly  unwarrant*Ml.  The  blood  changes  in  pulmonar}*  tu- 
l)erculosis  an*  mainlv  such  as  he  descril^es,  but  thev  have  no  <liai;- 
nosti(»  value,  as  similar  changes  ar<»  found  in  a  givat  variety  of  oth»»r 
diseas«Ml  conditions.  The  increa.H«*  of  j»olymor]»honuelear  forms  in 
advanced  ca.ses,  the  increased  amount  of  ** debris,**  the  degenerating 

'  S<»4'  Appendix. 
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forms,  etc.,  are  all  characteristic  not  of  tuberculosis  alone,  but  of 
any  severe  suppurative  process.  The  increase  of  **  debris  "  is  prob- 
ably the  sauie  datum  which  Watkins  interpreted  as  an  inci-ease  in 
blood  plates  and  Goldberger  and  Weiss  as  ** extracellular  glycogen." 
(With  Holmes'  **  undeveloped  nuclei "  in  the  leucocytes,  compare 
p.  110.) 

II.   BONE  TUBERCULOSIS. 

• 

Brown'  has  studied  seventy-two  cases,  Dane*  fortj'-one.  Dane's 
study  of  the  blood  in  forty -one  cases  of  hip  disease  and  Pott's  dis- 
ease is  a  very  careful  one.  Whenever  abscesses  appeaivd  in  con- 
nection with  the  disease,  cultures  were  taken  when  the  absc^ess  was 
iirst  opened  and  again  latt*r  on,  and  the  coincidence  of  low  counts 
with  absence  of  pyogenic  cocci  and  with  high  coinits  of  secondary  pyo- 
genic infection  is  very  notable.     Dane's  conclusions  are  tis  follows. 

1.  **  High  leucocyte  counts,  esjiecially  in  hip  disease,  j)oint  to 
the  probability  that  there  is,  or  soon  will  Ik»,  abscess  formation ; 
but  low  counts  do  not  preclude  the  presence  of  abscess,  especially 
in  long-standing  cases. 

2.  "  If  abscess  is  present,  a  low  count  of  white  cells  indicates  the 
absence  of  secondary  pyogenic  infection  (proved  by  cultuivs). 

H.  "  Cases  of  traumatic  origin  are  generally  acurompanied  by  a 
high  leucocyte  count. 

4.  '*  The  leucocyte  count  bears  no  dii-ect  relation  to  the  temj)er- 
ature;  one  case  with  30,980  leucocytes  (tive-y ear-old  girl)  showed 
a  temperature  of  only  99.4''  at  the  time  of  the  count.  In  another 
girl  of  three  years  whose  temperature  ranged  between  101'  and 
104°,  the  leucocytes  wei*e  only  7,224,  or  subnormal  for  that  age 
(^inde  infra  J  p.  445). 

5.  "  Cases  where  at  the  primary  operation  the  pus  proved  sterile 
show  an  increase  in  the  leucocyte  count  when  the  wound  l)e(romes 
infected  with  j)yogenic  organisms"  (as  it  always  does). 

6.  "  The  itjd  cells  are  rarely  diminished,  but  the  luemoglobin  is 

usually  relatively  low  (mild   secondary  ansemia   in    these   cases). 

This  absence  of  a  diminution  in  the  red  cells  in  these  cases  is  the 

more  remarkable  because  they  wei-e  almost  all   in  young  cliildren 

whose  blood  is  much  more  sensitive  to  any  chdeterious  inHuence  than 

that  of  adults. " 

'Tnuisactions  of  Chlifornia  MiMikiil  S<>cietv.  1H97. 
•Boston  Medical  and  Surgical  Journal.  May  28tli.  IHW. 
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Brown  disBenta  from  itt>veiul  of  Dane's  conelusioiiM.     Hu  thinks  | 
that  a  case  may  go  on  to  abttceNs  foriiiution  without  mty  ineivaue  in   \ 
the  leucocyte  count.     WheJi  an  iucivase  (/«««  take  place,  he  thinks 
it  due  either  to  a  secondary  infection  or  to  an  increased  activity  of  I 
the  tubei-culouH  process  itself  withoutany  secondary  iiifectiim.    The   I 
latter  process,  however,  in  lirown'sexperience  iwnses  oulya  moder- 
ate increase  (2,000-3,000),  while  if  a  marked  increase  suddenly  or 
gradually  occurs  he  thinks  it  ''  most  significant  of  secondary  infec* 
lidii."     Witli  Dane's  tifth  conclusion  he  wholly  agrees  and  adds: 
'*  Aftt-r  the  iiife<iaon  (produced  by  the  ogicration)  the  leu<!ot'ytDsia  is 
very  high  for  a  time,  and  if  the  sepsis  is  acute  and  threatens  life,  it    j 
remains  high  until  the  crisis  is  i>assed."     Otherwise  it  gradually 
falls  after  the  tirst  few  days,  and  if  the  patient  progresses  well,  it 
disappears.      If   the  pyogenic  iuatt«r   overcomes  the    n^cuperative 
power,  the  leucocytes  fall  as  in  peracute  pneumonia  or  peritonitis. 
In  such  cases  the  aiiieniia  increa-iem  as  well. 

(JualitaHi-f    Cliiimji'M. 

(n)  As  in  other  forms  of  tuberculosis  theiv  may  be  none  at  all. 
(A)  The  c«ll  nhaiiges  in  purely  tulierculous  cases  is  illustrat«d  well 
by  Casi'  17  of  Dane's  series,  a  Iwy  of  seven  whose  blood  on  the  day 
of  ii|>eration  for  hip  disease  with  large  abscesB  showed  8,932  leaoo- 
cytes.     The  ditferential  count  was  as  follows: 

Poly  nil  ir|iltcitiuc1i<sT  nPuiri)pIiileB ,  40 

8in«ll  IjniphoiyU's 48 

l«rgi<  1yinpluM-ytc«  nnd  Imnritlcinol  forms 8 

Konliiiiptiilm    S 

Kight  uumi-s  of  jin-t  were  evacuated,  in  which  cultures  showed  tb*  I 
alMwnce  of  pyogenic  organisms. 

This  case  demonstrates  that  some  cases  of  tuberculous  suppa- 
ration  have  no  H^indency  to  produw  lencocytosis  or  U'  increase  in  j 
the  nentrophile.i,  but  influence  the  blood  only  by  prmlnciiig  what  I 
might  be  termed  a  fiinctional  debility  of  the  blixid  through  lack  of  1 
nutritive  substjuures  in  the  plasma.  This  condition  is  by  no  means  1 
peculiar  to  tuberculosis,  tait  occurs  in  a  great  variety  of  debilitated  I 
or  i^aehectic  (K>nditions,  a/t  already  stated. 

((■)  But  when  a  sejiticHimia  complicates  the  tnlw-n-ulosis,  cell  1 
metamorphosis  apgiears  to  be  accelerated,  and  we  get  with  the  quu' 
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titative  increase  of  leucocytes  such  qualitative  changes  as  the  fol- 
lowing : 

Per  cent. 

Polymorphonuclear  neutrophiles    84 

Lymphocyti?s  (»niall) 9 

Lymph(K>ytes  (large  and  transitional) 6 

Eosinophiles 1 

This  was  a  case  (No.  X^  of  Dane's  series)  in  which  the  abscesSy 
sterile  when  first  opened,  had  become  inoculated  with  the  staphylo- 
coccus aureus. 

(d  )  Not  every  case  with  leucocytosis  shows  qualitative  changes 
as  the  above.  One  of  Dane's  cases  (No.  22,  a  boy  of  seven)  showed 
a  leucocytosis  of  23,887,  but  only  sixty  per  cent  of  these  were  poly- 
morphonuclear, and  two  per  cent  eosinophiles. 

In  a  case  recorded  by  Dane  (No,  ♦S2),  tuhervidous  osteowf/efttut 
showed  (>,08.S  white  cells  (subnormal,  as  the  child  was  only  two 
years  old)  with  sixty-four  per  cent  of  polymorphoinielear  cells. 
The  pus  from  the  bone  cavity  showed  lu)  j)y()genic  organisms  on 
culture.  Ordinary  septic  osteomyelitis  gives  very  different  results 
(see  p.  251).  Dane's  cases  were  almost  exclusively  hip  and  spinal 
affections. 

The  following  cases  from  the  Massachusetts  (xeneral  Hospital 
records  illustrate  tuberculosis  of  other  bones : 


Table  XXX. 


Case. 

DUgn<Mi>> 

Redcelb. 

White 
cells. 

9,400 
8.000 
6.500 
5.800 

Percent 
hflBino- 
globln. 

1 
2 
8 

Tuberculosis  of  the  knee  joint 

u                 u                     u 

Metatarsal  tuberculosis 

6,472,000 
2,704,000 
4.650.000 
5.016.000 

68 

T 
61 

4 

Tubercular  rib 

73 

TIL    AC^'TE  MILIARY  TUBERCULOSIS. 

Probably  there  are  no  important  changes  in  the  red  cells  or  hae- 
moglobin. The  number  of  cases  on  record  is  too  small  to  enable 
me  to  speak  ])()sitively  on  this  point,  but  the  acuteness  of  the  dis- 
ease would  lead  us  to  expe(»t  tht*  normal  or  approximately  normal 
conditions  re(*orded  in  tht»  few  })ublished  cases. 

About  tlie  leucocyttvs  we  know  more 
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Qua  n  t  it  a  t  ire  Cha,  iges, 

Nonnal  or  subiiorinal  counts  are  the  rule.  Wheu  occasionally 
there  occurs  a  leucocytosis  it  may  be  inferred  that  the  miliary  proc- 
ess accompanies  a  suppurative  one,  and  that  the  latter  and  not  the 
former  is  res^.'onsible  for  the  increased  number. 

Warthin'  reports  a  case  with  autopsy  in  which  he  made  over 
thirty  counts  of  the  w^hite  corpuscles,  verifying  the  more  remark- 
abh*  ivsults  by  re|>etition.  Autopsy  showed,  besides  miliary  tuber- 
culosis, a  cavity  in  the  lower  lobe  of  the  right  lung  and  a  suppu- 
rating f(K;us  about  the  seminal  vesicles  containing  four  ounces  of  pus 
rich  in  tulx*rcle  bacilli.  AATiether  pyogenic  organisms  were  also 
present  is  not  stated.     The  leucocyte  counts  were  as  follows: 

Tablk  XXXI. 


I>iv. 

Hour. 
10  A.M. 

Lsoeo- 
crtet. 

8.500 

BeoiArki. 

December  6th 

12th 

8  a.m. 

5.000 

18th 

5  p.m. 

8.500 

22d 

10  a.m.           5.625 

22d 

11  :80  a.m.     4.725 

22d 

8  p.m. 

5,000 

22d 

5  p.m. 

8,125 

24th 

8:80  a.m. 

8.750 

24th 

11:80  a.m. 

3. 750 

24th 

2  p.  M. 

2.500 

24th 

4:30  P.M. 

2.  r>oo 

25th 

8  a.m. 

1.875 

[80  per  cent 

X     -        2Sth 

5:30  P.M. 

3, 750 

Red  oellB,   4.120,000;     baBmoglobin* 

29th 

10  a.m.            1,250 

29th 

2  p.m.         ,  1,250 

29th 

5:30  P.M.     3.750 

3lst 

12  m.                1.250 

31st 

6  P.M.            2.500 

JaDuarv  2il 

11  AM.             1.25'»  ! 

*-      '    2d 

5  V  M.            2. 500  ! 

3d 

2:31)  P.M. 

600  1  Severe  chilL    Gount  repeated  fleveral 
times. 

5th 

8:30  a.m. 

3, 750 

5th 

11  A.M. 

3,137    . 

5th 

4  P.M. 

8. 125  .  Moribund. 

6th 

9  A.M. 

10,000 

6th 

10  a.m. 

5.625 

6th 

11  A.M. 

2.500 

6th 

12  m. 

5.625 

6th 

12:50  p.m. 

Death. 

In  another  case  he  found  also  a  subnormal  count.  Rieder  found 
normal  counts  in  two  cases.  Von  Limbeck  states  that  the  leuco- 
cytes are  normal,  but  gives  no  counts. 

•  M<Mlinil  News,  1895. 
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The  following  cases  from  the  Massachusetts  Geueral  Hospital 
records  illustrate  these  points : 


Tablk  XXXII. — Acute  Miliary  Tubekculobih. 


Per  ("ent 

Age. 

Sex. 

M. 

Red  i*ell». 

White 
celltt. 

Iwnio- 

Remarks. 

28 

2.448,000 

550 

35 

March  8th. 

1,200 

•   • 

Marcli  nth. 

1.100 

•   • 

March  11th,  gave  proUmudcin  gr.  xv. 
t.i.d. 

March  13th.  <lilTercntial  count: 
PolymorphonucU'ar,     78  per  cent. 
Lymphocytes  (small).  12        ** 
Lymphocytes  (large),    9        " 
Eosinophiles.                   1        ** 

l.^K) 

•  • 

March  14tli,  glands  rapidly  diminish- 
ing. 
March  18th,  died.     Autopsy. 

3,296,000 

3,000 

43 

24 

•  • 

3,300 

•  • 

First  day. 

8,000 

•  • 

Third  day. 

4,400 

■  • 

Ninth  day. 

9.100 

•  • 

Twelfth  day. 

52 

F. 

3,500 

90 

18 

M. 

3,  (MX) 

•   • 

Autopsy. 

40 

M. 

3.750 

•  • 

Autopsy. 

40 

•   • 

4.000 

14 

F. 

3.7*20.(KK) 

4.400 

45 

Autopsy. 

20 

•   • 

4,600 

•  • 

First  wt*ek. 

3.400 

•  ■ 

Sixth  week. 

51 

M. 

4.664,000 

4.800 

•  • 

Autopsy.     Chronic  phthisis  also. 

23 

M. 

4.900 

•  • 

Autopsy.     Differential  count  normal. 

14 

•   • 

5.400 

65 

18 

F. 

5.400 

80 

8epteml)er  21st. 

7,400 

•  ■ 

Septeml)er  24th.     No  serum  reactioiL 

29 

M. 

5,6(M) 

64 

Autopsy.     No  serum  reaction. 

12 

F. 

6.100 

Autopsy. 

19 

F. 

6.600 

Autopsy. 

56 

•  • 

6.H00 

8.2(M) 

21, (HK) 

First  (hiy. 
Ninth  day. 
Day  of  death. 

87 

F. 

7,r)(M) 

i^-t 

Autopsy. 

18 

*   • 

7.<MH) 
8.600 

First  day. 

Fourth  day.     Ninth,  death. 

36 

M. 

7.600 

Healed  phthisis  also.     Autopsy. 

20 

F. 

7.800 
7.2(M) 

May  14th. 

May  22<i,  death.     Autopsy. 

35 

•   * 

3.920.000 

8.000 

45 

30 

•  • 

4,500.000 

8.800 

52 

30 

M. 

9.250 
9,450 

April  18th. 

A|)ril  20th.     Autopsy. 

45 

M. 

5.237,000 

10.  (MK) 

Autopsy. 

38 

•   • 



12.2(H) 

Autopsy. 

22 

M. 



12.700 

Phi  hisis  also.     Autopsy. 
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Table  XXXIL — Acute  3Iiliaky  Tubekcllohw  {Continued). 


Age. 


78 


Sex. 


Red  eelU. 


White 
cells. 


Percent 

luetno- 

globln. 


2.416,000    83.0<H) 


29 


RemarkH. 


Diff.  count  1.000  wlls: 
Poly  nuclear.      87  \wr  cent. 
Ly  mpliooy  tea,    1 1        " 
EosinophileH,       0        "* 
Myelocyti*8.         2        ** 
NormoblastM  =  5. 
Megaloblasts  =  2. 

Complicated  with  diphtheria. 


Case  I.  of  the  above  table  is  a  striking  example  of  the  remark- 
ably low  leucocyte  count  sometimes  S4*e!i  in  this  disease.  The 
counts  were  carefully  verified  by  several  (^omj)etent  observers. 


Qualitatire  Chantjes. 

In  Warthin's  c^ise  above  quoted,  he  repeatedly  made  differential 
counts  of  the  leucocytes  by  Ehrlich's  methods,  with  this  average 
result : 

PolymorphonucU'ar  neutrophiles 91.49  per  oeut, 

Lym|>hocyte8  (small) 5.52        ** 

LymplMK'Vtcs  (large  and  transitional) 3.09        ** 

.  Eosinophiles 0.  ** 

Myelocytes 2. 


IV.  TUB?:RcrLosis  of  serous  membranes. 


1.  TuBKRCULors  Pkritonitis. 

The  blood  condition  is  exa<*tly  as  in  other  forms  of  t\il)er(nilosis, 
excej)t  in  so  far  as  it  is  modified  by  the  drain  exert^Ml  on  the  blood 
by  diari'h<ea  or  by  transudation  or  exudation  into  tlie  jH'ritoneal 
cavity.  Such  events  (»oncentrate  the  blood  by  withdrawing;  water 
and  albumin  fnmi  it  and  may  give  us  a  normal  numlh»r  of  ivd  ctdls 
j)er  cnbi<'  millimetre,  when  in  reality  a  considerable  anaemia  is  pres- 
ent. As  a  rule,  the  blood  shows  a  mild  seeondarv  aiuemia  without 
leucocytosis  or  with  leuco])enia.  This  is  exem])lified  in  the  foUuw- 
ing  table  from  the  Mas.sachusetts  General  Ilosjntal  records: 


TUBERCULOSIS  OF  SEROUS  MEMBRANES. 


281 


Table  XXXIII. 


Percent 

Age. 

Sex. 
F. 

Red  cells. 

White 
celb. 

hflpmo- 
fflobin. 

Remarks. 

26 

8.120,000 

2,240 

58 

2« 

•  * 

2,600 

83 

F. 

2,*9()b',666 

8.800 

48 

24 

M. 

5,860.000 

8.800 

•   • 

January  6th,  1896. 

5,760,000 

5.600 

85 

April  13th,  1896. 

25 

F. 

3.900 

■   • 

Tuberculous  tube. 

21 

M. 

4.400 

25 

•  • 

4,700 

52 

21 

M. 

4.900 
5.500 

64 

•   • 

March  1st. 
March  9th. 

48 

M. 

5.000 

•   • 

December  18th,  1895. 

4,560,6o6 

3.250 

76 

January  10th,  1895. 

80 

F. 

5,180 

•  • 

Tuberculous  tulw. 

«0 

F. 

5,936,(KM*) 

5.400 

138 

•  • 

5.400 

44 

M. 

2,974, 6()6 

5.530 

•  • 

Pleuritic  effusion  also. 

24 

•  • 

5.600 

" 

34 

•  • 

5.600 

16 

F. 

8,*84b".666 

6.000 

^ 

F. 

4,000,000 

6.000 

87 

•  • 

6.200 
5.400 

50 

p. 

5,240,000 

6.400 

13 

•  • 

6.400 

55 

87 

M. 

6.700 

•  • 

May  22d,  1896. 

22 

•   • 

3.552.6o() 

6.800 

45 

15 

5,112.000 

6.900 

70 

Polynuclear.   44    per   cent;     ly 

mpho- 

19 

•   ■ 

7.200 

cytes,    49    per   cent;    eosinophiles, 

7  per  cent. 

16 

•  • 

7.400 

70 

15 

•  • 

7.400 

^ 

6,800 

88 

•• 

7,900 

31 

•  • 

8,000 

16 

8,700 

•  • 

First  (lay. 
Thirtieth  day. 

7.600 

•  • 

15 

•   • 

9.8<K) 

19 

•  • 

9,800 

^ 

■   • 

10,800 

47 

•   • 

11.300 

19 

•   • 

11.600 

65 

37 

•   • 

12.400 

19 

•  • 

14.500 
11,600 

15 

•  • 

•   •   •   •       •  •   • 

14.600 

16 

•  • 

16.100 
14.200 

•  • 

•  • 

First  day. 
Sixth  day. 
Eighth  day. 

11.000 

•   • 

6 

•  * 

4,576.000 

IH.(MH) 
31.1HK) 

52 

Intestines  perforated. 

Ninth  day.  after  two  dry  taps. 

Tliirteenth  day,  pus  and  fapces  c 

18..500 

ominff 

45 

through  tap  holes. 

^^ 

22.900 

Seventy-eiglith  day.     Autopsy . 
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Table  XXXIII.  {Cdntinued). 


Per  cent 

Atre. 

S«z. 

K«h1  cells 

White  cells. 

luemo- 
globlD. 

Remarki. 

7.000 

May  80th.  1896. 

80 

M. 

5.560.000 

6.800 

44 

F. 

7.000 

78 

26 

M. 

4,868.000 

7.400 

45 

17 

M. 

4.904.000 

8.000 

75 

82 

F. 

8.200 

20 

F. 

4.'w6,'m 

8.500 

58 

Tuberculous  tube. 

29 

F. 

3.400.000 

8.600 

80 

60 

F. 

4.600.000 

10.000 

50 

41 

M. 

5.200,000 

10,000 

88 

F. 

4.816.000 

11.200 

2^ 

F. 

8.555.000 

11,500 

65 

27 

F. 

16,9<K) 

76 

Pelvic  AbflcetR  alia 

18.  HOO 

I  know  of  no  differential  counts  of  leucMK'ytes  in  tuberculous  peri- 
ftonitis.  Presiiinably  the  sluggish  metabolism  of  the  cells  found  in 
other  forms  of  pure  tuberculosis  exists  here  and  causes  an  excess  of 
the  mononuclear  elements. 

2.  TrBKKci'Lors    Mknincjitis. 

Remarkably  few  (*ounts  are  on  re(*ord  so  far  as  I  can  ascertain. 
Von  Limbeck  gives  but  a  single  case  (with  autoj)8y).  Four  counts^ 
the  last  on  the  day  <>f  death,  sliowed  the  following: 

Mav  2*2d.  IKHS):  LciutKVtvs 8.(HK) 

"     2iUl  1HH9:            **          H.OOO 

^     24th,  1W9:            ^          6.000 

"     2«tli.  1HH9:            ^           7.500 

Kieder  records  two  <'ases,  in  one  of  which  the  leucocytes  were 
**ni»rinal  or  s\ibnornial,  in  the  other  increased.''  In  both  iliagnosia 
was  confirmed  by  autopsy.  The  counts  in  these  cases  were  as  fol- 
lows: 

( 'as<*    I. -  Fchruarv  ilitli,  1S91 :  Liucocvtes 7.s(K) 

Man  h  2d.  is91 .  LeuccKytcs r),J)00 

(  asc  II.— May  'Mfth,  1S91 :  LciicucyteH 14.4(M> 

Tiirck  .studied  three  cases,  all  showing  more  or  less  Icucoi'ytosis 
(9,r>(M»  with  90  |H*r  cent  i)olynuclears  and  no  eosinophih's,  17,  KM)  and 
18.  KM)  with  8.'^  ]>er  cent  jM)lynuclears  and  no  eosinophiles,  1?(),8()0 
witli  SI)  per  rvut  ]»olynuclears  and  no  eosiuoj)hiles).  Blood  plates 
and  fibrin  were  not  increased. 
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Pick '  saw  two  cases : 

Case  I.— February  28th,  1890:  Leucocytes 6,500 

Marcrh  r)th,  1890:  Leucocytes 8,000 

In  the  second  case  there  was  also  uo  leucocytosis.  Autopsy  in 
both.  Sorensen's'  two  cases  showed  respectively  8,300  and  9,400 
leucocytes.     My  own  I'esults  in  twenty-seven  cases  are  as  follows : 

Tahlk  XXXIV. — Tuberculous  Meningitis. 


Age. 

Sex. 

•  • 

M. 

F. 

•  • 

M. 

Red  CeUb. 

White 
cellH. 

Per  cent 
hienio- 
globfn. 

Remarks. 

2 

29,900 

^ 

28,000 
34,300 

63 

•   • 

July  8th. 

July  9tli.     Autopsy. 

2 

25,900 
28,800 

82,800 
27,800 
28,600 
16,500 
21,000 
19,800 

May  30th. 

June  4th.    Tuberculous  peritonitis 

also. 
June  8th. 
June  10th. 
June  12th. 
June  14th. 
June  16th. 
June  18th. 

11 

24,800 
82,700 
32,600 

First  day. 
Third  day. 
Fifth  day.    Died. 

34 

21.500 

•  • 

Autopsy. 

:\ 

•    <•••••• 

20,400 

• 

10  mos. 

19,500 

9  nirts. 

17,600 

10  nios. 

M. 
M. 

16.400 
29.500 

*  • 

•  • 

T.  103^  first  day. 
Death,  fifth  day. 

3 

15,600 

3 

15,400 

55 

t 

85 

14.7(K) 

68 

Pleurisy  also. 

22 

14.400 
19.400 
13.2(H) 
19,300 

•  • 

January  25th. 
January  30th. 
February'  2<1. 
February  6th.     Autopsy. 

Cited  by  Rieder. 
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Tablk  XXXIV.— TuBKRCiLors  Meningitis  {Continued). 


lOnios. 


5 


40 


Aire. 

Sex. 

•    • 

Red  cells. 

WhlU» 
celbi. 

Per  c«*nt 
luemo- 
fflobln. 

Remarks. 

0 

14,000 

18.0(H) 

•  • 

•  • 

First  dav. 
Fifth  (Uy. 

6 

•    • 

18.900 
21.400 
17,400 

•  • 

•  • 

•  • 

First  day. 

Fourth  day.  T.  102  \ 

Tenth  day. 

8 

•  • 

•••..... 

18,100 

12 

12.000 

8 

.  • 

ll,r)(K) 
11.900 

•  • 

•  • 

t^rst  day. 
Fourth  day. 

I    lO.HOO 


10,  WK) 
11. (NN) 


First  dav. 
Fourth  dav 


I     9.2<N) 


22 

•   • 

M. 

80 

45 

<. 


.'MNl 


I      7.<MM) 
lO.(NM) 


First  dav. 
; Fourth  day 


24       ,  F.     4.r)JH).0<K)i     «.(«H) 

I         I 


8,2(K) 
I    18.8<N) 

•  • 

•  • 

First  day. 
Bi'venthdav. 

• 

■      8.100 

1 

1 

8.<KH) 

III  eijj^httHMi  of  my  tw»Mity-s4*ven  cases  then*  was  leuocK^ytosis, 
sometimes  very  marked. 

It  .s«»em8  thei-efoiv  that  jmiv  tulxTeulous  meiiinj^itis  differs  mark- 
edly from  other  pure  tul)ere\ilous  pnx'esses,  in  that  it  has  in  most 
eases  a  strong  tendency  to  raise  the  le\ieo<'yte  count.  Osier's  re- 
sults ])oint  to  th«»  same  conclusion.'  Ziemke"'  has  recently  rejiorted 
a  cas<»  with  17,o00  leucocytes  ]>er  cubic  millimetre.  The  red  cells 
and  hjpmoglobin  show,  as  a  rule,  but  slii^ht  changes,  as  is  so  oft4*n 
found  in  other  forms  of  tulx»rculosis.     The  absiMice  of  any  im*rea«e 

'  -TfXt  IxMik  of  MiMliciiic."  3<l  i^lition. 
•IX-ut.  mod.  W(Hh..  April  8th.  1897. 
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in  fibrin  L<,  Tun-k  thiuksy  uf  some  diagnostio  value  in  exoluiling 
other  types  of  meningitis. 


3.  TiBERriLors  Pericarditis. 

In  one  ease  in  which  tnberele  bacilli  werv  repeateiily  demon- 
strated  in  the  fluid  obtained  by  tapping  the  pericanlial  sac  I  found 
no  leucocvtosis.  The  counts  in  two  others  are  shown  in  the  accom- 
panying  table.  I  have  not  met  with  any  other  reports  on  the  blood 
in  this  condition. 


v» 

Agf. 

Sex. 

R«d  cells. 

White  <-elto. 

Perivnt 
IttPinnfrlobiD. 

1 

2 

19 

4H 

•    • 

4.7»i.0iw 

1 

6.21K) 
7,0<H» 

60 

4.  TuBERcrLors  Pleurisy. 

No  doubt  a  large  proportion  of  all  pleuritic  effusions  are  tuber- 
culous in  origin ;  and,  so  far  as  1  have  seen,  no  high  counts  are  re- 
corded in  cases  proved  by  cultui-e  or  inoculation  to  be  tuU^rculous. 
The  low  leuccK'vte  counts  in  UK^st  pleurisies  (see  above,  p.  2(>0)  tend 
to  show  that  they  are  tuberculous  and  not  due  to  ])yogenic  orgjuiisms. 

Pick  mentions  that  he  finds  no  loncocytosis  in  tul)en»ulous  pleu- 
risy when  uncomplicated  by  j)hthisis,  but  i-e ports  no  actual  counts. 

5.    (iLANDl'LAR    TVBER*  TLOSIS. 

In  cases  of  so-called  scrofulous  glands,  whether  in  children  or 
adults,  the  blood  shows  no  important  clianges  except  that  in  chil- 
dren the  hcemoglobin  may  be  considerably  diminished. 

Gl-ANDVLAR   TUBERt  ri.OSIS. 


Xo. 

Ak«*. 

Sex. 

White  cells. 

Percent 
h»uiOicloblD. 

1 

20 

28 

F. 
M. 

F. 

5.600 
10.900 
11.000 

75 

2 

65 

8 

Leucocytosis  is  absent  unless  an  abscess  has  been  opened  and 
infected.  Wliether  or  not  tuberculosis  of  the  abdominal  or  othet 
internal  lymph  glands  affects  tlic  blood,  T  am  unable  to  say. 
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6.    GeNITO-UrIXARY    TrBKR(^UL0SI8. 

Here  the  opportunities  for-a  secondary  pyogenic  infection  are  so 
good  that  in  well-marked  cases  we  tind  the  blood  of  septicaemia 
present.  The  following  cases,  all  involving  the  bladder,  kidney, 
and  the  external  genitals,  illustrate  this  pohit : 

Taiile  XXXV. 


Per  i«ent 

Age. 

Sex. 

RfKlcellii. 

WbltH  (vibt. 

trlobin. 

RemarkK. 

50 

20.1(K) 

5M 

23 

15.100 

•  • 

6 

. . 

•    ■         •    •    •   •    • 

15,(HK) 

62 

T.  B.  in  iiriue.    Kidney  opemted. 

3() 

M. 

8,796,0(K) 

14.452 

44 

2H 

•  • 

12.«<K) 

•  • 

BlH<lcl('r. 

81 

•   «   •       •   •   •   ■ 

11.0(H) 

55 

Kidney. 

40 

•  • 

10.400 

•   • 

41 

F. 

3.588.WK) 
8,<K)0.000+ 

10,4<N) 
14.452 

55 

22 

F. 

10.200 

27 

•   • 

10.100 

56 

10.  KN) 

•   • 

Testicle  and  lung. 

82 



9.700 

64 



9.8<N) 

a5 

F. 

5,80«.(KK) 

H.800 

65 

8 

8.5<H) 

70 

F. 

S.400 

81 

M 

7.m>o 

57 

81 

F. 

O.iMK) 

(M) 

42 

M 

7.<HK) 

•   • 

'  Decern  lK»r  18th. 

H.7(H» 

•   • 

DeeenilMT  26tli. 

S.31M) 

•   • 
1             _^ 

.Janimry  11th. 

SYPHILIS. 

Reiss,  in  an  article  in  the  Arrhir  f.  l>rrnuttnlntjh-  mnl  SifithUinj 
189"),  Heft  1,  says  that  the  general  constitutional  influence  of  the 
poison  of  syphilis  is  lM*st  indicat^'d  by  tin*  condition  of  the  hl(M)d. 
In  one  hundred  ca.ses  lie  luis  arrived  at  tlie  following  conclusions 
regarding  the 

lint    Ct'lls   11  ml    Uti'iiHHjhtltin. 

During  the  time  U'tween  the  chancre  and  tlie  secondary  symp- 
toms, the  hmI  cells  are  slij^litly  (hMTeased,  hut  this  is  much  more 
marked  aft4*r  tlie  apin^arance  of  secondary  symptoms  and  continues 
for  a  time  even  aft4M*  treatment  has  Ih'i^uu.  The  haemoglobin  sinks 
steadily  from  the  tinn*  of  the  j)rimary  lesion  on,  but  is  not  especially 
atTect4*d  by  tin*  eni]»tion.     Evimi  mider  treatment  the  haemoglobin 
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nether  gets  quite  up  to  normal  anil  prolonged  mercurial  treatment 
lowers  it,  although  mercury  has  at  iirst  a  beueticial  effect  on  the 
haemoglobin  as  well  as  on  the  other  constituents  of  the  blood. 

Konried  *  goes  further  into  detail.  According  to  him,  in  the 
first  four  to  seven  weeks  after  infection,  the  number  of  red  cells  re- 
mains normal,  but  the  haemoglobin  begins  to  fall  off,  losing  from  ten 
to  twenty  i)er  cent  in  that  time.  Afterward  it  sinks  steadily  until 
treatment  is  begun,  the  number  of  corpuscles  also  falling  slightly. 

Newmann  an<l  Konried,^  importing  in  189.'^  on  two  hundivd  cases, 
say  that  up  to  the  time  of  the  secondary  symptoms  from  twenty -five 
to  thirty  per  cent  of  haemoglobin  is  generally  lost,  without  much 
change  in  the  red  cells,  which  sink  considerably  in  numl»er  after  the 
outbreak  of  secondary  lesions.  Lezius^  likewise  finds  no  diminution 
in  the  nmnhfr  of  red  cells  until  the  outbreak  of  secondary  lesions. 

Ewing  states:  "TMth  the  outbreak  of  secondary  symptoms  the 
red  cells  lH*gin  to  fall  rapidly,  reaching  in  unti*eatt»d  cases  as  low  as 
2,000,0(K)  or  less  (K(mried).  In  ten  oases  Wilbouche witch  foun<l 
an  average  decrease  of  229,000  cells  daily.  At  the  same  time  the 
haemoglobin  continues  to  diminish  and  may  fall  to  55-25  per  cent, 
within  a  few  weeks  or  months." 

All  these  ('hanges,  like  those  alxmt  to  l)e  described,  aiv  aj)t  to 
be  more  marked  in  women  than  in  men.  In  cases  going  on  to  the 
secondary  stage  untreated,  the  haemoglobin  may  sink  to  as  low  as 
twenty-five  j)er  ctMit.  In  the  tertiary  stages  and  in  hereditary  and 
so-called  "constitutional  sy])hilis "  the  red  corpuscles  are  mu(»h 
more  seriously  affected,  diminishing  considerably  in  number  as  well 
as  in  weight  and  color.  The  hereditary  syphilis  of  infancy  may  in- 
deed product*  fatal  auiemia  and  very  low  counts  are  common,  with 
large  numbers  of  niicleated  hmI  cells  and  great  deformities  in  sha|)e 
and  siz(\ 

The  effect  of  mercurial  treatment  on  the  ivd  cells  is  interesting, 
(iaillard  *  found  that  the  count  of  red  cells  increased  duruig  the  first 
fourteen  days,  and  the  haemoglobin  during  the  first  twenty-four 
days  of  treatment.  After  that  time,  if  mercury  was  still  given,  the 
haemoglobin  and  later  the  number  of  corpuscles  l)egan  to  decline. 

Konried  {Jo<\  rif.)  found  the  haemoglobin  to  rise  during  the  ad- 
ministration of  the  first  twenty-five  to  thirty-five  inunctions,  after 

'  International  I >ernmtologi(id  Congn^fw.  1892. 
*  Wiener  klin.  W(Hh..  1HU3.  No.  19. 
*Inaug.  Dissert.,  Dorpat.  1889.  *Gaz.  clcs  Hop..  1885.  No.  74. 
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which  it  began  to  go  ilown.  This  was  in  cases  in  which  treatment;  1 
waa  begun  just  after  tlii.'  onset  of  secundai'y  symptoms.  In  tha  I 
worst  eases  it  sank  I'ven  as  low  as  furty-tive  jut  cetit  despite  treat-  1 
nient,  and  this  usually  means  a  bad  prognosis  and  severe  tertiaiy  ( 
symptoms  to  come.  In  one  uf  my  own  cases  the  b(emoglobtii  was  I 
only  thirty-seven  per  uent,  though  the  red  cells  were  4,988,000  I 
(color  index,  .37). 

Ewing  says ;  "  In  one  the  spleen  was  inu<:h  enlarged  and  cou- 
tutied  guxiunata,  while  the  Mood  showed  tlie  lesion  of  giave  atwoiid- 
ary  ameiuia,  witli  a  tendency  toward  tlie  micrwytic  type  and  a  low  ] 
hifuoglubiu  index.     In  otlier  cases  the  abundant  megalocytes  witJi  | 
increased  bsmoglobin  closely  resembletl  those  of  |>emicious  anaa-  i 
mi  a." 

FotSHsio  iodide  increases  the  red  «vlls  an<l  heemoglobiu,  but  hu  1 
no  special  effwt  ou  the  leticocyt«s. 

('ases  often  show  apoiitaneoiis  improvement  in  their  anemia  a 
well  aa  in  other  symptoms. 

Justus'  in  three  hundred  cases  claims  to  have  observed  a  peculiu  < 
reaction  of  the  heemoglobiu  in  syphilis,  which  does  not  occur  in  any 
other  disease,  and  which  he  considers  of  much  diagnostic  value. 

According  to  hlin,  if  in  cases  in  which  secondary  symptoms  have   , 
not  yet  api>eared,  we  test  the  hiemogloliin  aJid  then  gii-e  an  ini 
tion  or  a  subcutaneous  injection  of  mercury,  we  find  that  within  ] 
twenty-four  htmrs  a  very  marked  fall  in  haemoglobin  lias  taken  plac 
(ten  to  twenty  )>er  cent),  owing  to  the  action  of  the  mercury  on  thfl  J 
wcukene<l  corpuscles.     This  sudden  fall  is  followed  by  a  gradual  f 
rise  luitil  within  a  few  days   the    coloring  matter   is  at   a   point  J 
Mlightly  higher  than  Ix^fore  the  mercury  was  given.      In  disease*  ] 
other  than  syphilis  this  sudden  drop  does  not  occur.     After  the  ad- 
vent of  BMiondary  symptouia  the  peculiar  reaction  to  mercury  does  i 
not  occur.     My  own  experience  with  the  test  is  small.     In  nine 
cases  of  atrtive  syphilis  I  found  It  present.     In  three  inactive  i-nsea 
and  in  thirty-five  coi'trol  cases  of  various  other  iliseasea  it  was  ab* 
sent.     In  a  case  of  nhlonisis  tlie  reaction  was  positive. 

Drown  and  Dale'  studied  thirteen  case.s  of  syphilis,  and  con- 
eluded  that  the  t^st  is  unreliable  and  of  little  practical  value.     In  J 
some  of  their  cases  the  drop  in  haemoglobin  did  not  appear  tmlalil 
wvend  inunctions  had  been  given. 

'  Vtrluiiull.  ■!.  TiCong,  il,  Ih>iit.  ilrrmHiiiiii^   OcicllRclinft,  September,  lt)9&, 
•I'mHnnBtl  I*n<*t-Clluic,  .March  34lli.  IJM). 
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Jones*  examined  thirty-live  syphilitics  and  eighteen  control 
cases.  Of  seventeen  cases  of  active  syphilis  thirteen  gave  positive 
results.  Jones  thinks  the  test  of  some  value  in  diagnosis  though 
by  no  means  pathognomonic. 

White  Ceils. 

1.  Here  the  changes  ai*e  very  characteristic.  In  the  first  stage 
the  leucocytes  are  either  normal  or  slightly  increased,  but  the  per- 
centage of  polymorp]ionuclear  forms  is  almost  always  notably  low, 
and  that  of  the  lymphocytes  high.  If  mercury  is  given  at  this 
stage,  the  polymorphonuclear  forms  begin  to  increase  toward  nor- 
mal, and  the  lymphocytes  proportionately  to  decrease.  [Mercury 
given  to  healthy  persons  has  just  the  opposite  effect,  increasing  the 
lymphocytes  at  the  expense  of  the  polymorphonuclear  forms.] 
Iodide  of  potassium  works  exactly  like  mercury  in  this  respect,  in- 
creasing the  polymorphonuclear  leucocytes  in  syphilis,  while  it 
diminishes  them  in  healthy  persons. 

2.  As  the  ei-uption  breaks  out  leucocytosis  (12,750  and  10,800 
in  two  of  my  cases)  generally  appears,  the  projM)rtion  of  lympho- 
cytes and  of  eosinophiles  usually  being  increased.  Engel  describes 
a  syphilitic  child  in  whom  the  percentage  of  })olymorphonuclear 
cells  steadily  rose  as  the  child  got  worse.  In  such  cases  Engel  con- 
siders these  cells  to  be  of  ])rognostic  inipoitance.  P.  K.  Brown  has 
made  a  similar  observation  in  bone  tuberculosis.  Treatment  with 
mercury  and  potassium  iodide  ttMids  to  bring  down  the  count  of 
lymphocytes,  while  it  raises  the  count  of  red  cells ;  and  among  the 
white  cells  to  increase  the  polymorj)honuclear  forms. 

In  the  tcrtlnrif  stntjesj  with  the  severe  aiiHBmia  which  is  often 
I>rescnt,  tlitn'e  occur  occasionally  leucocytosis,  not  uncommonly  with 
small  percentages  of  myelocytes,  and  a  marked  lym])hocytosis. 
Muller  has  (lesciil)ed  four  cases  of  anaemia  in  syphilis  so  severe  as 
t^)  sinmlate  ]>ernicious  anaemia  very  closely.  In  one  the  red  cells 
sank  to  720, (KK).     Laache''  mentions  a  similar  case. 

There  are  no  constant  changes  in  the  blood  ])lates.  Specific 
gravity  follows  pretty  closely  the  haemoglobin  percentage. 

'Nfw  Vi.rk  Mc<l.  .Jour..  April  7th,  1900. 
^C'lmrite-Animlen.  vol.  xiv.  ^ Loc.  cit, 
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Diatjnostic    Value, 

Justus'  reaction  of  syphilitic  blood  to  mercury,  if  true,  might 
be  of  great  value  in  distinguishing  early  syphilis  from  various  other 
causes  of  debility. 

The  occurrence  in  adults  of  leueocytosis  with  increased  percen- 
tages of  lymphocytes  and  of  eosinophiles,  is  very  suggestive  of 
syphilis  as  against  tuberculosis,  typhoid,  or  malignant  disease.  In 
children,  rickets  and  other  disca.ses  may  give  similar  blooil  changes. 
The  chief  value  of  the  blood  examination,  however,  in  sy]>hilis  is 
not  for  diagnosis  but  as  a  measure  of  the  stage  and  s<*verity  of 
the  infection.  Low  haemoglobin  and  high  i)ercentages  of  the  lym- 
pho<^ytes  are  characU'ristic  of  severe  ty]K»s.  Leueocytosis  usually 
means  that  the  case  has  got  beyond  the  ]»rimary  stage,  while  in  the 
tertiary  stage  the  ]»resence  of  myelocytes  with  a  marked  anaemia  is 
of  HiTious  im)>ort. 

Certain  cases  of  this  last  tyin*  may  closely  resemble  i>eniicious 
anaemia,  from  which,  however,  they  are  to  Ik»  distinguished  by  their 
low  ('olor  index,  the  frequent  presence  of  leuc(K*ytosis,  and  the  rela- 
tive infrequency  of  megaloblasts  as  compared  with  the  normoblasts, 
in  case  nucleated  red  cells  are  present. 
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I>r.   TlioniiLs  J.  Yarrow  kindly  sends  me  a  blood  report  of  the 
following  ea.se,  ujiparently  of  hereditary  syphilis: 
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*2iU 


Dec.  12Ui, 

180H. 

Dec. 

Jan.4Ui, 
188U. 

Jan. 
27lh. 

Rt^marks. 

Red  cells 

White  cells 

3,a50,000 
20.  (KK) 

Poly  nuclear 

Ly  mpluwytes. . . 
Eosinophiles 

So.Ojf 
44.6^ 
20.6^ 

26.7jr 

39.8^ 
52.  % 

52.85; 
8.4$ 

The  blood  rhanjjes  hen*  re- 
port ini  I'oiucided  with  the 
use  of  mercury  and  with 
the  disappearance  of  the 
an»mia  and  of  all  symp- 
toms. 

Normoblasts 

60  per 
cmm. 

LEPROSY. 

Winiai'ski  (^Petershurger  medirinische  Wochf^ischriffy  1892,  p. 
365)  gives  a  careful  study  of  seventeen  cases  of  leprosy,  and  P.  K. 
Brown*  has  watched  sixteen  cases.  They  find  in  young  persons 
with  mild  cases  no  changes  from  the  normal  blood. 

In  severe  cases,  especially  in  old  j)eople,  the  aiuemia  may  be 
severe  (2,290,000  red  cells  with  fifty-four  per  cent  of  liaemoglobin) 
and  even  comparable  to  pernicious  anaemia  (1,989,000  red  cells 
with  sixty-three  per  cent  of  haemoglobin).  In  anaemic  (^ases  tlie  color 
index  is  ai)t  to  be  high,  in  one  case  it  was  1.7  (!).  Such  severe 
types  are  associated  with  an  increase  of  the  average  diameter  of  the 
red  cells,  which  explains  the  high  color  index.  The  haimoglobin 
was  not  relatively  low  in  any  case. 

Lfucocijiem, 

No  inrreasf  was  jtrestfut  in  ntnj  rtiHc,  Four  cases  were  subnor- 
mal. The  percentage  of  lymphocytes,  as  in  other  debilitated  con- 
ditions, is  often  high  (forty-five  to  forty-seven  per  cent). 

Barteriohifjtj  of  the  Jihtod. 

Brown  has  succeeded  in  demonstrating  the  leprosy  bacillus  in 
the  blood  of  one-half  of  his  cases.  The  barnlli  api^ear  for  the  most 
part  within  the  leucocytes,  and  hei-e  they  accumulate  in  large  num- 
bers. It  is  esj)ecially  in  the  tubercular  fonn  of  the  disease  that 
Brown  has  found  them.     He  was  unable  U)  cultivate  the  bacillus. 

Streker'  has  likewise  found  the  bacillus  in  the  blood  of  four 
cases. 

'San  Fnmcisco  County  Me<lical  Siciety.  July  13tb.  \Wl. 
»MQnch.  med.  Woch.!  1897.  Nos.  39,  40. 
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CHAPTER  VII. 

DISEASES    OP    THE    DIGESTIVE    APPARATUa 

1.    Moi'TH. 

In  a  caKe  of  thrush  complicating  chronic  nephritis  the  following 
counts  were  recently  recorded  at  the  Massachosetts  General  Hos- 
pital:   October    IGth— red   cells,  5,000,000;   white  cells,  16,200 
haemoglobin,  52  per  cent.     October  24th— white  cells,  13,800;  hae- 
moglobin, 55  |ier  cent. 

2.  (Esophagus  (see  Malignant  Disease,  p.  870). 

3.  Stoma<*h. 

The  conditions  existing  in  the  st4>mac*h  may  influence  the  blood 
profoundly  in  three  ways: 

('i)  They  may  be  such  as  to  prevent  the  normal  absoq)tion  of 
nitr<»genous  material  on  which  the  blood,  like  all  tissues,  is  abso- 
lutely <lej>endent.  Then  the  blo4xl  becomes  starvetl.  The  extreme 
of  this  coiiilitioii  is  the  so-calleil  *' atrophy  of  the  gastric  tubules" 
which  Jiiay  produce  a  fatal  anaemia.  In  less«*r  degrees  the  same 
j»r<K*ess  is  at  w«»rk  in  many  forms  of  chronic  dysj>epsia,  gastritis,  or 
chronic  starvation. 

(f*)  They  may  lead  to  severe  and  rej»eated  hemorrhages. 

('•)  Thev  niav  lead  to  an  auto-int4»xication  which  iwiisons  the 
blood  as  Well  as  other  tissues. 

On  the  (»ther  hand,  it  is  prol>ably  throuj^h  the  influence  of  an 
altcHMl  blood  s^'Him  on  the  duo<Ienal  mucnus  membranes  that  ulcer 
of  tin*  duod»'nuni  is  a  s«Mjuel  to  severe  bums  of  the  surfat*e  of  the 
bod  v. 

Fur  an  account  of  the  influence  on  the  blood  of  digestion,  inges* 
tion  ol  liquid,  and  starvation,  see  ]».  97. 
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DISEASES    OF    THE    STOMACH. 
ANOREXIA  NERVOSA. 

Fiom  pure  starvation  the  red  cells  may  get  as  low  as  OOO^OOOy  as 
in  the  case  mentioned  by  Martin.  In  the  early  stages  tlie  blood  is 
normal.  A  recent  hospital  case  showed  8,900  leucocytes  with  87 
per  oeut  oi  hsamoglobin. 

GASTRIC  CANCER. 
(See  Malignant  Disease,  p.  380. ) 

GASTRIC   ULCER. 

Med  Cells  atid  Hit*moglobin. 

A  severe  anaemia  is  common.  Out  of  the  51  cases  in  Table 
XXXVII.,  A,  42,  80  per  cent,  had  less  than  50  per  cent  of  haemoglo- 
bin, and  of  the  51  in  which  the  red  cells  were  counted,  17  had  un- 
der 3,000,000  red  cells  per  cubic  millimetre.  The  average  count  of 
red  cells  at  the  time  when  treatment  began  was  3,372,000.  There 
is  no  single  disease,  so  far  as  I  am  awai-e,  in  which  the  red  cells  are 
so  apt  to  be  so  low,  except  pernicious  anaemia.  Even  cancer,  as  a 
rule,  does  not  fall  so  low.  This  is  due  mostly,  I  think,  to  the  fre- 
quency of  hemorrhage  from  the  ulcer;  it  is  uncommon  to  see  marked 
anaemia  in  patients  who  had  never  had  a  hemorrhage. 

This  anaemia  is  all  the  more  striking  when  we  remember  that  the 
frequent  vomiting  from  which  most  patients  suffer  tends  to  concen- 
trate the  blood,  increase  the  number  of  cells  in  a  drop,  and  so  to 
make  the  blood  seem  less  anaemic  than  it  really  is.  This  tendency 
to  concentration  is  probably  effective  in  some  of  the  cases  observed 
especially  by  Oppenheimer,'  in  which  despite  great  pallor  he  found 
normal  counts  of  red  cells  and  haemoglobin. 

It  is  iu  such  cases  that  the  estimation  of  the  drv  residue  of  the  blood  serum 
would  be  of  real  value  could  it  be  macle  short  and  simple  enough  for  clinical 
work.  Gniwitz.  who  is  the  pmphet  of  this  branch  of  bkxxi  examination, 
gives  an  interesting  case  illustrating  this  point. 

A  girl  of  twenty -five,  suflfering  with  peptic  ulcer,  and  exceedingly  pale. . 
showed  on  counting  the  corpuscles  4,140,000  per  cubic  millimetre  (no  consid- 
erable reduction),  and  ninety  percent  of  haemoglobin.     Af^      *  ^''unt showed 

•Deut.  med.  Woch..  1«89,  No.  4 
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4.340,000  corpiiK-k-a  anil  DinHy-ODc  per  cent  of  hfomnglnbia.  But  the  dry 
restiliie  of  tbc  M.-riiin  was  rtduced  to  ibree-fourtbs  its  Doima)  amouoL  The 
wnim  suffers  in  aiiu-mia  ai*  much  an  Ihe  cnrpuaclen  do.  Any  influenc*  whicb 
deprived  tbe  ierum  iif  one-fourth  of  Its  normal  solids  ((Edema  being  afaaent) 
must  liave  really  alTccted  tlie  cnrpusclcfi  very  much.  Theifforc  the  corpiurlea 
must  actually  have  beeu  mliiced  to  at)oiit  8.W0.OOO,  tbe  reduction  beiug 
maskdl  liy  the  ciiiiw'ntration  of  the  blond  fnim  vomiting.  Lymph  cwinot 
luve  nm  Into  the  vessels  and  diluted  the  serum,  for  (on'ing  tii  tbe  Tomltine) 
tlic  tide  is  all  the  other  way.  If  then  llie  serum  is  redun-«I  a  quarter  Ibe  cor- 
puscles must  be  BO  likewise.  Unfortunately,  to  test  tbe  drj'  residue  of  tbe 
bl<N>d  senim  requires  more  time,  skill,  and  apparatus  tliau  clintciaDS  are  apt  to 
have.  It  is  valuable  whenever  we  wish  to  know  whether  or  not  an  aniemin  is 
lN>ing  masked  by  concentration  of  the  blood. 


^11  HeverP  canes  the  usual  qitaHtatirp. 
(^defoniiitieR,  scanty  normoblasts)  a. 


i-idmren  of  secondary  an»- 
i  to  be  found. 
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a.irH.IMK 

8.100 

U 

Sixt!><l>iv'      l>iiT.<-<.iiiit. 500  cells: 

k;^ i.i.ii.-s,    1 

M.-p.l..l.Wts,      II 
N.iriii..l.lH«ls.       1 

■j.r..Mi,iKm 

T.lHIO 

33 

ThirTeciilli   duv.     DilT,  count  600 

.Tils: 
T'olviiueieHr,      M  per  cenL 

I.ytu «yiw    39      - 

N..  .iiKl.-i.l.-.i  nils. 

:i,iif.MiO( 

40 

Tweiiiv  flrnt  day. 
Tliirty«-e..ii.l  .diy. 

imWhi 

M 

* 

■id 

F. 

1,'iiTaiMK 

i4.:.w 

•.« 

|jirj.'<'  hi-iiioirlmpf. 
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Tabi.k  XXVIl.,  A.— Gastric  Uloek  with  Hemorsbaqb  (Cbntinuedi. 


Permit 

Mo. 

Age. 

Bex. 

Red  relh. 

wltaf 

lUEino- 
alown. 

Rrinarti 

10 

48 

1,448,000 

13,700 

10 

Five  (lays  afitr  perroration.     Diff. 
count  500  ctIIb: 
Polynuclear,      86      percent. 

Lympbocytes,  13.6       " 

BoHinophiles,        .4       - 
NormohliiBIs.       1 

11 

42 

P. 

3.216,000 

13,  WK) 

33 

la 

82 

8.2IW.OIM 
2.584.000 

18,000 

35 
20 

November  Htli. 

November  14th. 
PolyDiiclear,       88.3  per  cent 
B,  lynipliocyt«i.l0.4 
L.  IvrophwytcB,  8.6       " 
Eosluophlles,         1-8 
Myc-locylen.               1 

Ni)  nuitleiiled  rcils;  geuerftl  tend- 
ency  In    Rmall    size,    very   few 
large    forms:    moderate    polkj- 
Incytosis. 

18 

34 

5,01U.000 

13,000 

.13 

14 

29 

3.644.000 

11.400 

3S 

nay  after  hemorrhage  of  0  iij. 

15 

72 

3.798,000 

10,700 

35 

Amopsy. 

le 

85 

8,024.000 
3,302.000 

10,200 

6.5 
55 

Janiuiry  2d. 
January  13tb. 

3.712,U00 

45 

February  5ili. 

17  '  40 

8,808.000 

■  8.W6' 

BO 

18      17 

5,000.00(1 

9,700 

45 

IH     27 

4.002.000 

9.300 

40 

80      35 

1,864,000 

17.200 

20 

Ni)  autopsy. 

2.324.000 

9.300 

40 

ei     24 

F. 

3.076.  OOO 

8,900 

10 

Bleeding. 

S3     20 

5.874,000 

8.050 

65 

38     87 

S,2«7.O00 

8.  .TOO 

80 

Hemurrhuge  six  days  ago. 

>4     4.'S 

8.520.000 

8.400 

.S.'S 

85     37 

4.1>W.000 

8,100 

35 

lied  one  month  a^o. 

3»i  ,  3() 

F. 

3.482.000 

7.820 

45 

Hemorrhage  prcnouaday. 

4,222.000 

10.600 

75 

Two  weeks  later. 

4.392.000 

8,700 

70 

riiree  weeks  later- 

37 1  44 

4,020.000 

7,600 

83 

28  1  2B 

5,000,000 

7.400 

00 

al!  gl  it  heninrrlisge. 

2fl  '  2(i 

1,888.000 

7.400 

19 

Three  days  after  hemorrhage: 

Polynuclear.      B7  per  cent. 

LymphocyUM.    41       " 

Ki>  nucleulMl  reds;  reds  amall  but 

not  nuicli  deformed. 

All 

23 

2,984.000 
8,48fl.0O0 
3,812.000 

7,200 
1 

31 
34 

OeuibiT   3d. 
<>ctobcr  201  h. 
NnvHuber  Ist, 

31    -a 

F. 

1,892.000 

7,00(1 

.30 

lanuarv  16th,  after  hemorrhage. 

2,3(W.0'i«i 

27 

January  32.1. 

s.im.ooo 

3,.'i00 

3.-. 

JanuurV  31st. 

3,«-J0.(KK 

48 

F.'briiary  10th, 

4.1180.000 

1 

.W 

February  3ath. 

82 

ai 

3,840,000 

7,000 

4.'! 
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Tabi.k  XXVII.,  A.— OAtrrnic  Uuek  with  liiMOHmiAnK(roiitiii>ifd). 


So. 

.S-'i.l  RHloClh 

Wbltr 

ptrcrtit 

Bonurku. 

oMI*. 

ghM^ 

"ffl" 

53 

i,7ia.ooo 

7,000 

35 

Five  days  ftft«r  bpmorrhaKe. 
Diff.co.inl  800  c*lla: 
Polynuclear.     «4  per  cent 

NormobUsis,      1, 

M 

83 

4,800.000 

7,000 

40 

85 

36 

8,280.1)00 

6,  MO 

30 

86 

24 

4.7W.000 

6.500 

45 

87 

ao 

8,544.000 

6.400 

80 

88 

13 

4,496.000 

6,800 

no 

89 

Afi 

P. 

4,900.000 

6.S00 

40 

40 

■28 

F. 

1,673.000 

6.000 

40 

Onp  pint  of  blood  vomited  jtater. 
duj:  blood  fuflirxiU:  ivcoveiT. 

41 

IW> 

8.920.000 

6,000 

80 

Bl«l  Bt-veo  <Uj-R  ago- 

42 

24 

a.  196.000 

.■i.900 

L-i 

48 

■X 

F, 

2.»6h.000 

5,800 

40 

Exclusive    TL-clttl    feedlDK    eight 

dftys- 
Qrlppc  ami  toDsillitlit. 

44 

IP 

4.482.000 

.1,000 

58 

45 

34 

4.625,000 

5.000 

45 

46 

no 

ii. 

1..''>S4,000 

4.800 

25 

Polyiiurk-ar,      74  iier  ctnt. 
LymplKHytes,  28        " 

47 

46 

H. 

8.884,000 

4.800 

85 

Fell  ti>  15  per  cent  after  bemor- 
riuige. 

48 

» 

S.5M.0O0 

4..'iOO 

25 

4ft 

as 

8.61 6.000 

4.800 

8.1 

Eleven  (Uys  after  profuse  hemor- 
rlmgf. 

BO 

-2it 

F, 

1.972.000 

4.000 

8» 

51      -M 

'  4.812.(N)0 

2.600 

45 

Ta 

Hr.K  XXVII.. 

i.— Oahtkm-  Ui.c 

.„.;.., 

Rnl  iTllK. 

--I-S. 

iihlD. 

BenurkL 

17 

.■i,»fl).000 

13.100 

« 

23    J 

.•i.l«().0(NI 

li.lHW 

4. 

21     1 

.'..IWO.OOO 

11.800 

TO 

SW 

-. 

11.100 

W 

U    1 

6.'ttSH.i)(>i» 

111,701) 

4M 

Vomiting. 

19     i 

P. 

.').WW.tMM 

t».«.K) 

91 

4U 

-. 

4.4011.IH)0 

K.IMM) 

K 

23 

V. 

«.;too 

W 

32 

\ 

M,::Oil 

7. 

30 

'. 

7« 

Vi 

^ 

tt:.-,,w 

3.1 

it.TMl 

at 

4- 

April  37111. 
June  «tU. 

'. 

1 

8M 

\ 

■VSIM)     1         B( 

lU 

r,.m 

6.- 
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Tablk  XXXVII..  B.—QabtricUu-kk  uithoi-t  IIemohriiaok  (CoiUiinifd). 


Age. 

S... 

Red  Mill. 

Vt'hllf  cvlK. 

Pf  r  ivni 

SO 
86 
28 
31 

F. 
P. 

s.ai6.i)bb 

4,«H0.000 
5.100.O00 

4.aoo 

4.200 

.')7 
80 
35 
70 

Hifinoijlt^iin . 

As  a  rule  the  color  index  in  low.  Only  one  examination  in  the 
cases  of  the  Massachusetts  General  Hospital  series  showed  an  in- 
creased amount  of  hiemoglobin  \»\-  corpuscle,  and  as  this  was  not 
repeated  or  verified,  it  may  have  I>een  a  mistake.  In  most  of  the 
other  examinations  the  color  imlex  was  low. 

Yet  OstereiH-y  recor<ls  1,»00,000  red  cells  with  31  per  cent  of 
hcemoglobin  (wdor  index  =  .81);  3,29fi,000  with  70  jkt  cent  h»- 
moglobin  (color  index  =  1.09) ;  4,048,000  with  84  i>er  cent  haemo- 
globin (color  index  =  l.Oi").      Such  cases  are  certainly  rare. 

LeuGocytosis  is  practically  never  seen  except  after  hemorrhage 
and  during  digestion.  Wlien  patient.t  who  have  been  fed  for  some 
time  by  the  i-ectuin  are  first  given  fiKxl  by  the  mouth,  the  digestion 
leucucytnsis  may  be  very  great,  as  in  a  ra.se  of  the  above  series,  in 
which  the  cells  increased  from  4,000  to  ISjiTOO!  The  presence  of  a 
leucocytosis,  when  the  influence  of  bleeding  and  digestion  is  ex- 
cluded, is  against  the  diagnosis  of  ulcer  of  the  stomach. 


Taiii, 

XXXVIII.— [>r 

Nu. 

.*in-. 

.,,„..,„„.. 

«.ita. 

Kimn. 

..^ 

S3 

M,    3,776.000 

M-    1,700.000 

1.472.000 

Nomwl, 

m.obb' 

60 
17 

20 

September   8d.    DUt,    count  500 
cells: 
Polyauclear,        7S     per  cent 
8.  lymphocytes.  82.4 
L.  lyinphoiytes.    1.9 
EosWphllet.         1.3 
Myelocyte,              .2        " 

SiplcmUT  lIHli, 
S^'pK-nilMT  Itltb. 
S..i.l..nil«r 34111.  . 

I.l*7li.000 
■2.14N,lJ0O 
3,440.000 

19 
17 
31 
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Table  XXXVIII.-Diuuesal  L"u:Kin("'.(.ni«rf|. 


No. 

A«e. 

8f». 

Kwlo-IK. 

wlte. 

SlUMD. 

m 

Orlobur    im. 

2.«M,00( 

6,000 

in 

Jciolxr    Stli. 

S.7<4.00( 

23 

JftoUT  18lU. 

2.890,000 

SO 

OcloIxT  2M. 
Ictobrp  »Kb. 

8.440.(n( 

48 

Novi-mbt-r   Olb. 

a.«as.wn 

Novi'iulMT  34th. 

s.im.m 

48 

[)w.-nib,T  IMh. 

4 

<7 

M 

2,100.0W 

la.biio 

July  24111.  much  eoBve  grouBtta. 
July  29tli  (flvi-  ilnys  rastlo];). 

7,850 

h'our  hnunt  nficr  mvaU. 

11.000 

.^uastaui  riitllug.  July  80th. 

8.000 

August  Sih. 

2,«n.ooo 

o,n(>o 

88 

August  3ltt,  iipcnuiiiD. 

TheMe  HgurcH  are  givi-n  Hiiuply  to  show  that  the  blocxl  in  (liiode>l 
nal  iilc^r  uiuif  rj^s  iimirh  the  aauie  changes  aa  in  gastrin  ulcer,  and  I 
need  nu  further  rouiiui'nt. 

ACl'TE  r.ASTRlTlS  A.ND  DYSPfll'SIA. 

Acut«   gastritis  or  Kiti^tru-enteric  attacks  (Hayem's  "vm^amtcfl 

gitxfrii/iii- ")  do  not  affeit  the  ri'd  cells  or  hsemoglobin,  but  are  very  ' 

often  accompanied  by  leucucytosis  (see  Tables  XXXIX.,  A  and  B). 

Tauui  XXXIX.,  A.— Acute  OAaTKO'EKTERim. 




— 

Aca 

X' 

isr 

81 

M 

7.000.000 

IH.OOO 

Teiniwrature  104'.     WeU  nenday. 

4,800.000 

60 

Teni|«raturf  101". 

15,100 

70 

18 

F 

6.184.01)0 

15.000 

8fl 

Welluextdny. 

H.400 

12,800 
8,100 

4.860.000 

Well  in  three  days. 

•  8,000 

88 

V. 

il.AOO 

es 

28 

V 

6. 244.01  HI 

11.800 

88 

Well  in  two  dajfc 

17 

4.600.000 

11,000 

70 

Ml 

t'- 

ii.oon 

Temperature  101*. 

87 

V 

4,188.000 

e.aoo 

88 

2« 

M. 

8.  BOO 

|-Bn..»»ni»  Iftfl'                      ^^^H 

Vt 

F 

8.860.000 

8.400 

65 

^H 

87 

V. 

6.000 

I'empenitun!  101*.                      ^^H 

A.  400 

9S 

sa 

y. 

C,»0 

50 

Temperature  lOO*. 
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Where  this  is  the  case,  it  may  help  us  to  exclude  typhoid  fever, 
which  has  no  leucocytosis.  Even  a  twenty-four  hours'  dyspeptic 
attack  may  increase  the  leucocytes  notably,  as  in  Cases  1  and  2  in 
Table  XXXIX.,  A,  and  the  presence  of  such  an  increase  need  not 
make  us  suspect  anything  behind  the  dyspepsia.  It  is  probably  to 
be  classed  as  a  toxic  leucocytosis  due  to  absorption  of  morbid  prod- 
ucts from  stomach  or  intestine.  Fibrin  may  be  increased  during 
the  period  of  leucocytosis. 

Table  XXXIX.,  B.— Dtspspsia  and  Gabtritis. 


i 


2 

8 
4 

6 
6 

7 

8 

9 

10 
11 


Age. 


24 


27 

26 
28 


87 
80 

41 

49 
18 
60 


>4 


M. 


F. 

F 
M. 


M. 

F. 

M. 

F. 
F. 
M. 


Bed  cells. 


6,280,000 

4,750.000 
4,920,000 

"6,bi6i6o6 


White 
cella 


8,678,000 

4.524,000 

4,200.000 
5.016,000 
8.504,000 


22.700 

12,800 
14,000 

11,000 

11.000 

8,924 

7,326 

7,000 

a 

6,000 

4.000 
8,200 
2,800 


Percent 
hsmo* 
globin. 


74 
55 


86 
77 
75 

68 

80 
45 
50 


Remarki. 


Oastralgia ;  constipation ;  whole 

belly  tender. 
Three  days  later ;  well  in  a  week. 
At  mealtime,  11.200;  fourhoun 

later,  12,150. 
Dyspepsia. 
Acute  gastritis. 

ChroDic  gastric  catarrh. 

Nervous  dyspepsia. 

'Before    meal.    November  Ist, 

6,000;   November  2d,  6,800. 
After    meal,     November    Ist, 

6,800;   November  2d.  7.40a 
Chronic  Kastritis. 
Dyspepsia. 
Chronic  gastritis. 


CHRONIC  GiVSTRITIS. 
(See  Cases  6,  9,  and  11,  Table  XXXIX.,  B.) 

Here  the  conditions  are  different  and  we  never  find  an  increase 
of  the  white  cells,  but  often  a  decrease  due  to  malnutrition.  Diges- 
tion may  produ(je  no  leucocytosis,  or  the  increase  may  be  very  slight 
and  late  in  appearing  (four  to  live  hours  after  a  meal  instead  of  two 
U)  three  hours).  It  was  present  in  nine  out  of  twelve  cases  in  our 
series. 

Anaemia  is  very  often  present  and  may  he  extreme.  It  is  be- 
lieved by  very  high  authorities  that  a  pemirious  anaemia  may  be 
eaused  by  chronic  gastritis  with  atrophy  of  the  gastric  tubules. 
The  writer  has  never  had  tht»  j^ood  fortune  to  see  such  cases. 

The  practical  points  about  the  blood  of  chronic  gastritis  are : 

(a)  The  not  infrequently  severe  anaemia. 
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(t)  The  not  iiiErequeut  absenw  of  digestion  leucocytosia  a 
gastric  canc«r,  from  whicli  therefore  the  aburHrr  n(  digi-stioti  leuco-  1 
cjtosis  dues  not  distinguish  it. 

The  presence  of  a  leuoocytoiiis  militates  ajfaiiiBt  the  diuK^osis  of   i 
ehronic  gaatric  catarrh,  aud,  if  hemorrli;^  is  excluded,  points  tow- 
artl  canwr. 

IIYPEHACiniTV  AXIi   HVPEItsKCHETION, 

The  leueocytfH  average  higher  in  tlirai'  nmititioiiti  than  in  chronio 
gastritis  or  dysjiepsia  with  normal  ur  decreased  seetvtioua  (aee  Table 
XL,).      Otherwise  the  blood  is  not  remarkable. 


Tablk  XL. 

-HVPKK 

4itl>inf  *M>  llrPF.Ki'H  KKTtON. 

s. 

An. 

i 

RhIwII*. 

WliUit 

ceUa. 

Pwoimt 

1 

9 
S 

4 
S 

i 

A.lult 
SO 
40 

57 

M. 
F. 
M. 

K 

F. 
M. 

3,034,000 
5.7W.000 
5  300,000 

S:t40.000 

4.oia.ooo 

4.1M.O00 

13  300 
10,800 
10.000 

T.T90 

5.»M 
3,fl00 

89 
83 
W 

TB 
84 

Chronic  icaatritia. 

SliKlit    diiceeiion    leucocrtosii : 

I2.370l>efoTe  meal.  I4.300thr«M 

hours  Inter. 
DiUled  >.t<)macb:   no  digeation 

leuoorytosie. 

Lead    poisoning     and     dilatod 

6.S10.000 

4,lti4,0«0 
4,790,000 


DILATED  STOMACH. 

In  uiiiiiy  caaes  prot^id  absorption  is  so  faulty  tliat  the  blood  if 
wverely  starved,  hut  the  aiunniti  may  be  concealed  by  the  rtmn 
tratuin  of  the  blood  limught  about  by  the  I'onstaut  voniition  of  large    I 
amounU  of  fluid.     Knusmaul  has  ithowii  that  patients  oftm  rot 
niorrjtuid  tln-n  ttir.)  niifnt,  and  if  is  .il.viiiiis  whwt  must  lie  the  drain  1 
vf  thin  proecHft  on  the  fluids  nf  the  blood  uud  all  other  tissues. 
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Digestion  leucocytosis  is  often  absent,  as  in  cancer  or  chronie 
gastritis. 

COKHOSIVE  GASTRITIS. 

The  blood  was  examined  in  a  case  of  this  kind  in  1895  at  the 
Massachusetts  General  Hospital  with  the  following  result:  Ked 
o^Us,  3,792,000;  white  cells,  32,r»00;  haemoglobin,  iifty-three  per 
cent. 

DISEASES    OP    THE    INTESTINE. 

Influence  of  Saline  Cathartics  on  the  Blood. 

Hay'  gives  the  following  figures,  showing  the  eifect  of  sulphate 
of  sodium  in  concentrating  the  blood :  Healthy  man  of  thirty-three, 
3:35  P.M.  Red  corpuscles,  5,025,000;  given  85  c.c.  of  a  concen- 
trated solution  of  sulphate  of  sodium  in  water;  thirty-five  minutes 
later  blood  count  showed  i-ed  corpuscles,  6,540,000;  sixty-five 
minutes  later  blood  count  showed  red  corpuscles,  6,790,000;  four 
hours  later  blood  count  showed  red  corpuscles,  4,930,000.  Evi- 
dently much  fluid  was  drawn  out  of  the  blood-vessels,  and  then 
within  four  hours  the  tissues  had  supplied  the  loss  and  the  blood 
had  returned  to  its  normal  density. 

Hay  also  showed  that  dilutt*  solutions  of  the  same  salt  had  far 
less  effect  in  concentrating  the  blood.  Further  he  demonstrated 
that  if  the  blood  is  ulreaihj  ron  rent  rafted  when  the  saline  is  given, 
no  purgative  effect  follows. 

Grawitz  confirms  these  results ;  he  found  als'o  that  common  salt 
still  fui-tlnr  concentrates  the  blood  (hence  its  production  of  thirst), 
and  considers  that  (as  this  con(?entration  accelerates  roaf/uldtloti)  the 
household  use  of  salt  water  as  a  remedy  to  stop  hemorrhage  is  well 
founded. 

ACUTE  ENTERITIS. 

Practically  the  great  majority  of  cases  of  acute  enteritis  are  part 
of  a  gastro-enteric  attack,  and  in  Table  XXXIX.  (see  p.  298)  the  two 
have  lx*en  lum|KMl  together.  What  was  said  of  that  table  (]).  299) 
need  not  lx»  here  i*epeat(Ml.  Resides  tht»  slight  leucocytosis  there 
mentioned,  we  may  find  in  cases  in  which  the  stools  are  very  wa- 
t(*rv,  a  teni])orary  concentration  of  the  blood  with  increased  specific 

'  liny :  "  Tlw  Action  of  Saline  Cathartics."    Journal  of  Anatomy  and  Phys- 
ic »logy,  1««2,  p.  430. 
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gravity  and  I'ed  toipuBilt's.     In  infants  tin*  lyiiiphucytfn  are  apt  to    ^^H 
be  iiiiTfasfil  at  the  expt^iise  nf  all  the  iithf  r  vanrtics.      EoHiuophiles     ^^H 
may  he  alisent.     Thus  in  a  ewe  of  subacutt'  <:tilitis  fulluwiiii;  aii  at-     ^^H 
tack  of  iiitlu«>itza  piieuiiiutiia,  VVochiicrt  fimuil  iiinety-si-ven  [x-r  wiit     ^^H 
of  lyiuphocyfa's  in  a  total  count  of  14,000  white  CfllR.     The  other    ^^M 
three  percent,  were  polynuclear.'                                                            ^^H 

Tabi.k  XLI.—Ekteritki,  Ciimtik  am>  Dvkektkrv.                        ^^| 

i 

JUo- 

J 

Redcrlla. 

obIIb' 

PrrcMt 

^^ 

I 

s 

* 

0 

A 
7 
S 
* 
10 
11 
12 
13 
14 

2S 
AHuIt. 
Adult. 

30 
3 

Z 

40 
97 
S4 

M. 

F. 

F. 

F. 

3.940,1100 


s.e«4.uoo 

4.830.01)0 
3,733,000 
4.488,000 

8,7711.000 

4,800,000 
4.100  OM) 
4, 87a,  000 
5,008,000 
4,000,000 

17,000 
U.300 

7.  TOO 
8,S00 

17.000 
13.000 
13.400 
lO.IUMI 
6000 

8,  WO 

7,S0O 
7.S60 
7.000 
(1400 
5,800 

so 

'■»■■ 

■  ■  '^.y  ■  ■ 

80 

Chronic djaentety.    AugustaXth. 

5t1i, dysentery  oeated. 

"Throuic  euWro-ciilitia 

Chronic  eutero-colilia. 

Ukvrativi^  colitis. 

Twowe«kalBt(>r. 

Three    weeks   later;   much  fm- 

proTod. 
Aciit«  febrile  dysentery ;  bliioily 

niovt^iuenis  eser.v  hour, 
Ulfermive  colitis. 
Chmuic  enteritis. 

diarrhcea  and  tetany, 
diarrliixs  (tul^rcularl). 
illoody  Btnols  len  davs 

Chronic  tolitU. 
Diarrhoea. 
Chronic  colitis. 

s.  we.  000 
4,noo,ooo 

8,920,000 

8,000         87 
f!.000  1       70 
4.200  j       71 

CilttONIC  niAIEKlKKA.                                              ^H 
(See  Table  XLI.)                                              ^H 

In  acute  diarrha'a  llie  other  titsKUes  rettpond  to  meet  thi-  "[nm  of     ^^M 
fluiil  BUHtained  by  the  blood,  and  the  blood  is  HiK)n  normal  again.    ^^H 
But  when  this  ptXH^'ss  gr^iH  on  long,  the  liody  becomes  so  wasted     ^^M 
that  tike  l)loi>d  muHt  share  in  the  starvation  and  the  allium  In  oi<ls  are    ^^H 
drained  out  of  it,  leaving  it  watery  and  poor  in  corpuncles.     A  pa-'  ^^M 
tient  of  (iniwitx  aftj-r  ri-ara  of  i^hronic  ilysenti^ry  liod  but  1,880,000    ^^H 
red  i-ellB  per  cubic  millimetre,  while  the  serum  had  twice  the  aof    ^^M 
mal  amount  of  wati-r,  and  half  the  normal  amount  of  solldH.     I    ^^M 
have  seen  the  count  fall  as  low  as  1,»L>)<.000  in  a  case  of  pTolanf{ed    ^^H 
ColitiK,  with  Hnal  rccuvcri-.      In  another  ca-te  tho  ri'd  ccII.h  rvaciied    ^^^| 
>  Juiimnl  >■:  Ibe  Aiiii-rii^ij  M[-<[i<i>l  .\>.vxiiiliuu.  Ktbrviurj  2d,  IVUl.               ^^M 
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no  lower  than  2,440,000,  but  the  haemoglobin  was  only  ten  per  cent. 
A  differential  count  of  this  man's  blood  showed  the  following: 

Per  <-t»nt. 

P<)lymori)h()nuclear  Deutrophiles 60.3 

Lyinphorytes  (small) 24.9 

Lymi>h(>cyt<'S  (large) 6.0 

KosinopliiU'S 1.4 

Mvcloovtes 1.4 

While  counting  400  leucocytes  I  saw  8  normoblasts  and  o  nie- 
galoblasts.  The  total  ltnicocyt«  count  was  9,800  per  cubic  milli- 
metre. 

Cases  1,  3,  4,  12,  and  14  of  the  series  in  Table  XLl.  show  simi- 
lar conditions.  The  hiemoglobin,  however,  usually  suffers  most,  and 
the  color  iiidex  is  low. 

Leucocytosis  is  rare,  but  does  occasionally  occur,  possibly  owing 
to  simie  complication  or  auto-intoxication. 

Tabi.k  Xlill. — Intk^tinal  Obstruction. 


1 

: 

IVr  c«»nt 

c        Atce. 

■ 

U*^l  wUs. 

White 

hamio- 

Remarks. 

S 

>- 

(VllsJ. 

(?lobin. 

1 

1  mo. 



34.200 

•  * 

Iiitussus^'cptioii:  dic<l. 

2 

22.100 
21.700 

• . 

Twi'iit v-tii*st  <luv :  hcniifL 

Twenty -second  day :  autopsy. 

o" 

3.120.000 

20.800 

•    • 

Cancer. 

4 

52 

>1.1  5,568.000 

18.860 

■   • 

Mav    6tli:  cancer. 

1 

1H.800 

•   • 

Mav  17th;  cancer. 

5 

Adult. 

M. 

14.066 

12.400 

4.100 

•  • 

•  • 

•  • 

Xo  fa'<'es  three  days. 

No  urine  two  days. 

One  day  later,  no  fitces;  urine 

drawn  by  catheter. 
Three  days  lat<'r,  bowels  moved 

six  times. 

6 

50 

F 

12.200 

•   • 

Cancer  of  uterus. 

7 

35 

M.   3.504.000 

1 

12.000 

•   • 

Chronic  obstruction  with  hemor 
rhage. 

8 

21 

.M.   5.150.000 

12.000 

•    • 

Obstruction  (by  a  band). 

9 

m 

F.    4.440.000 

12.000 

52 

Cancer. 

10 

57 

F.    4.272.000 

11.000 

75 

Canc-er. 

11    Adult. 

M.i  5,800.000 

6.800 

12 

72 

M.   4,850,000 

6,000 

13 

29 

•         •                             •••••>!• 

6.000 

•   • 

Obstruction  by  band;  operated. 

14 

58 

..    4.480.000 

5.800 

90 

( 'ancer. 

15 

Adult. 

M.   5.200.000 

4.000 

" 

16 

u 

M.   5,540.000 

4.000  . 

1 

1 

Cholera  is  discussed  on  ]>.  226. 
For  appendicitis  see  Abscess,  p.  240. 
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INTESTINAL  OBSTRUCTION. 

Bloodgood's  couelusions  ai'e  as  follows: 

In  the  first  forty -eight  hours  obstruction,  if  without  gangrene  or 
peritonitis,  gives  a  leueoi*yte  count  of  only  0,000  to  16,000.  The 
higher  the  count  and  the  shoi-ter  the  duration  the  greater  the  prob- 
ability of  gangi-ene.  If  there  is  a  count  of  over  20,000  within  the 
iirst  twenty-four  hours,  the  chances  are  that  gangrene  is  prestMit. 
After  the  third  day,  if  the  leucocyte  count  remains  high,  the  prog- 
nosis is  gO<Ml. 

Any  pathological  condition  whatever  which  )>roduces  obstruction 
is  followed  in  a  few  hours  by  a  rise  in  the  leucocyte  count. 

The  only  point  brought  out  by  Table  XLII.  is  that  the  white 
cells  may  be  increased,  esjK^cially  when  the  obstruction  is  cancer- 
ous. Hence  the  blood  count  cannot  be  relied  on  to  help  us  in  the 
diagnosis  between  obstruction  and  })erit(mitis.  It  is  more  likely 
that  the  examination  of  the  amount  of  fibrin  will  be  useful,  as  it  is 
said  to  be  increased  in  peritonitis  and  not  in  obstruction. 

DISEASES    OF    THE    LIVER. 

CATARRHAL  JAUNDICE. 

• 

The  serum  is  colored  yellow  or  greenish -yellow  and  contains 
bile  iiiements  in  solution.  It  has  l)een  asserted  that  jaundice  <'an 
1m»  recognized  liert*  Ix^foit*  it  shows  in  the  skin  or  urine.  In  mihl 
cases,  /.#'.,  when  some  bile  g(H»s  to  the  intestine  and  the  obstruction 
is  notof  loni^  standing,  the  hlnml  isprnftint/ft/  unrmnlj  as  the  ea.ses  iu 
Table  X  LI  1 1.  show.    ( )nly  one  of  these  cases  shows  any  leuciK'ytosis, 

Table  XLIII.— C.\taurhal  Jaundick. 


Afrv. 

1 

R(>d  ('ellii. 

<*hII», 

47 

14,700 

21 

Si 

lO.VH) 

2« 

1().4<N) 

44 

M 

1(^2(H) 

41 

lO.(NN) 

25 

F 

4.:no.<KK) 

lO.tKN) 
1().(HM) 

1 

H.(KK) 

'M) 

.   F. 



».(MH) 

U 

I*,  2m) 

l*«T  <"ent 
irlobin. 


Rfmarkf. 


m 

♦52 
W) 
6b 


Sfvrii  Wff'kR.     Catarrhal  (f). 
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Table  XLIIL— Catarrhal  Jaundick  {Continued). 


Aire. 

Sex. 
M. 

Red  (rellH. 
2,H96,()00 

White 
(•ellH. 

«.775 

Percent 
hHMntk- 
fflobln. 

Remarks. 

42 

47 

Alcoholic  gastritis. 

40 

H.200 

75 

•  •  •   • 

8,100 

40 

H.CMK) 

28 

8(>(K) 

87 

7.500 

30 

7.500 

26 

M. 

7.500 

21 

M. 

4,8o6,'oob 

7.500 

65 

80 

M. 

7.400 

64 

80 

M. 

7.800 

58 

M. 

4,240.000 

6,798 

79 

24 

• 

6.800 

44 

•  • 

6,200 

•  •  •  • 

Obstruction. 

29 

M. 

6.200 

82 

•   • 

M. 

4,996,000 

6.000 

78 

24 

•  • 

6.000 

78 

25 

•  • 

5,400 

80 

Polynuclear,     78  per  cent. 
Lyinpli(H'Vtes.  19        ** 
Eosiuophiles,      1        ** 
Myelocytes,          f      ** 

U(?)" 
HtMls  pale,  deformed. 

I  norinobla-st. 

82 

•  • 

h',m,m 

5,800 
4.700 

•  •  •  • 

75 

March  16th. 

85 

M. 

4,850.000 

4.900 

85 

44 

•  • 

8.108.000 

4.800 

85 

29 

F. 

4.200 
9.600 

85 

19 

F. 

4.000 

and  the  red  cells  and  haeinoglobiu  have  not  suffered  except  in  the 
alcoholic  case  in  which  other  causes  for  ansBmia  were  present.  Thi« 
is  contrary  to  the  observations  of  Grawitz,  who  found  constantly 
leucocytosis,  but  agrees  with  those  of  v.  Limbeck  and  Hayem,  who 
never  found  any  increase  of  leucocytes  or  any  other  changes  in  the 
blood  count.  Coagulation  in  this  or  any  other  type  of  obstructive 
jaundice  may  be  very  slow,  but  this  is  especially  apt  to  be  true  in 
gall-stone  cases  even  if  no  jaundice  is  present.  Coagulation  may 
be  increased  to  eleven  minutes  (Osier)  and  patients  may  bleed 
to  death  during  oi)eration  on  gall  stones.  The  amount  of  fibrin  is 
normal.  Von  Limbeck  noticed  an  inrrcnsM  reAiafau/'e  of  the  rtxl 
cells  to  th(»  influence  of  distilled  water  and  dilate  saline  solutions 
which  in  normal  blood  dissolve  the  hiemofjlobin.  He  noticed  also 
that  the  sizf  of  the  red  corpuscles  was  fjreater  than  normal j  their 
20 
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Toluiuu  iu  tt  givt'ii  aiuuuut  of  lilmxl  being  t^eveuty-SHTen  to  t 
one  i>er  wut  (t.c,  they  iRku  up  sfveiity-seven  to  eighty -one  pera 
of  till'  ruoiii  ouRupiml  by  tUi-  iliop),  n-hile  tlii^  numial  is  about  fort^l 
four  i>i<r  cent.  This  wa^  iii  uases  with  only  fi-om  4,000,000  to  I 
S.l'OO.OUO  I'l-il  <v11n  ptT  ffubiit  luilliinetrf ,  ho  that  it  was  I'vldeutly  1 
diu>  iitit  to  au  overoTowdiiig  of  tlie  drop  with  red  cells,  but  to  a  tru0  I 
Uierciuie  of  aizv  in  the  iiidiviiluiil  celU.  Tliv  aiuiie  fact  has  Iweit  J 
Attested  from  a  different  point  of  view  by  the  investigations  of  v.  ' 
NooTilen,  who  found  tlif  Hidid  residue  inereiuu^d,  ainl  of  Haiuiuer'  I 
iwliliii;;  and  (Irawitz  has  noU>d  au  increase  in  the  speeitie  gravity  of  1 
tlwt  whole  bloiKl,  though  that  of  the  serum  remained  normal.  Nor-  I 
mal  red  oorj)U8eli'a  put  Uito  the  serum  of  ieterie  patients  increase  1 
their  diameter  eunsiderabty,  ho  that  apparently  the  serum  la  reitpoa- 
MihU>  fur  tlie  eJiange. 

Quatlliilu-f   Chamjru. 
Grawilz  noted  in  severe  oases  that  crenation  took  place  much 
more  rapidly  thiui  nsual  in  freshly  drawn  blood,  an<l  that  tlie  r 
leaux  formation  did  not  take  plaee.     This  lattvr  point  was  also  J 
noticed  l»y   Hofmcier*   in   ietems  of  the   new-lxini.     Silbermanu*  f 
noticed  in  the  same  disease  ffieat  defonuitios  in  the  size  and  shape  1 
of  thti  uelltt.     In  severe  febrile  icterus  Weintraud  noted  in  the  »<! 
toIIh  the  white  "imt-s  and  stn'aka  with  aeti%'e  (miilwular)  movement* 
descrilH'il  by  Maragliano  (see  p.  8;i)  as  endoglobular  degenerative 
ehauges. 


Normal  IiIihhI,  exe«pt  fur  inereased  siw  of  the  rv'd  cells  sinl  B 
(legfuerative  ehiinges  in  sevi-re  rases. 

IHiujiioKtif    Viiltir, 

The  constant  pi-eseiiee  of  leucoeytosia  excludes  an  uneomplioated 
"eaiarrhal"  janndii^,  and  ]>oiiits  to  the  probability  of  malignant 
diMtasu  or  inflauiniatiou  (eholangitis,  abscess).  Syphilis  and  oit- 
rhosis  of  the  livvr  might  show  the  same  condition  i>f  the  htuod  u 
lean  the  eha^u(ieri^tics  of  syphilitic  blood  were  \-ery  marked  (see 
'iKA),  From  a  severe  choh»miu  the  absence  of  any  marked  nnnmia 
distinguishes  a  purely  catarrhal  eane.  (For  the  changes  in  cholsmi*'! 
WW  p.  .112). 

'  ■  Die  OetbtuclK  dcr  Ntiigchorencn."  Sditrjnirt,  18" 

•  ■  Ute  Q«lbMidit  der  Heugeborauco. "    Arch,  f .  Kt 
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CIRRHOSIS  OF  THE  LIVER. 
1.  Ordinary  (Atrophic)  Cirrhosis  Without  Jaundice. 

In  the  early  stages  (accordiug  to  Hayem)  neither  the  red  cells 
nor  the  haemoglobin  fall  considerably.  Most  other  observers  (i)er- 
haps  thinking  chiefly  of  the  later  stages)  report  marked  anaemia. 
Wlajew'  counted  from  3,000,000  to  4,000,000  red  cells;  v.  Lim- 
beck had  a  case  with  only  1,600,000.  He  noted  that  the  count 
might  be  increased  after  a  tapping  in  cases  with  ascites,  owing  to 
the  concentration  of  the  blood  from  the  rapid  refilling  of  the  belly 
with  serum.  Grawitz,  on  the  other  hand,  noticed  precisely  the  op- 
posite effect  in  a  patient  whose  blood  befoi-e  tapping  had  been  con- 
centrated by  cyanosis,  the  heart's  action  being  embarrassed  by  the 
ascites.  After  tapping,  when  the  heart's  action  had  become  easier 
and  stronger,  the  cyanosis  disappeared  and  the  blood  count  fell 
from  4,700,000  to  4,300,000.  In  v.  Limbeck's  case  it  rose  from 
4,680,000  to  5,160,000.  The  moral  is  that  we  should  draw  no  in- 
ferences from  the  count  of  red  cells  soon  after  a  tapping. 

The  thirty-seven  cases  in  Table  XLIV.,  A.,  were  all  advanced  and 

their   red  cells  averaged  only  3,580,000  -|-  P^r  cubic   millimetre. 

They  steadily  decrease  as  the  disease  progresses,  one  case  getting 

as  low  as  1,300,000;  but  the  anaemia  may  be  concealed  by  cyanosis 

and  concentration. 

Qualitative   Chanfjes, 

Hayem  noticed  a  curious  stickiness  of  the  red  corpuscles,  a  great 
tendency  to  adhere  to  each  other.  Von  Limbeck  looked  for  it,  but 
could  never  find  it.  Hayem  and  Maragliano  noticed  degenerative 
endoglobular  changes  in  the  red  cells  ("  etat  crihriforme  "). 

Table  XLIV.,  A. — Cirrhotic  Liver  without  Jaundice. 


Age. 
58 

a5 


96X> 


Red  cells. 


Wbite  cells. 


Percent 
hsemo 
globin. 


Remarks. 


4.504,000       29,300  00       T,  100\     Delirium  tremens. 

18,500  Fourth  da  v. 

908.000       26,000  20       Intestinal  hemorrhage.     Diff.  count 

500  cells: 
Poly  nuclear.     85    per  cent. 
Lyinphocyti»s.  14 
Eosinophiles,        .8 
Myelocytes.  .2 

Normoblasts.     10 
Mc>galol)lasts.      0 
1,733.000       19,800  25       Seventh  day.  DifT.  count  GOO  cells: 

Polynuclear,     88  per  cenk 

>  Kef.  in  Petersburger  med.  Woeh..  1894.  No.  43. 
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Tablk  XLIV.,  a— C'lKKKitTic  LivKK  wmiovT  Jai'xdk-e  (Cbnft'niMrf). 


iVrrml 

ABf 

Wl. 

RMlrvllc 

wmiforll*. 

lUMllO- 

"'"■""^ 

LymplKwyi«,  10  per  cent. 

BsinopliflM,      1        ■■ 

MycloryhTi,       l 

3.456,000 

16,900 

28 

FniirtwnUi  itay. 

8.OM,OO0 

14,000 

35 

TJiinii-ili  day. 

Firet  dHy     VnFtuic  xymploint. 

58 

28,400 

5.MK) 

Elevcntli  day,     Aiiu.p«y. 

.11 

i»,aoo 

80 

IliciiK'pIyus.    Aulopgy. 

r,3 

f! 

2.'u&6,(ibo 

16,000 

54 

14.000 

Tappe.1 ;  388  ...in.'.-s. 

B8 

8.W)0.«lb 

13,000 

S5 

With  mirral  distatK-, 

41 

Ji. 

4.300.000 

12,7.10 

K 

Liver  i-nliirgt.ll.     Ascites. 

0(1 

11,900 

47 

11,000 

W 

Autopny. 

40 

4.'we,bbb 

Il,.'iO0 

no 

46 

10.,%00 

w 

m 

10.000 

4K 

i,«ia.bbb 

tt,(«O0 

5.5 

4N 

M. 

4.9tt>.000 

9,000 

oa 

08 

M. 

a.iso.ooo 

»,000 

■.•s 

Maivh  15lh- 

1,300.000 

T.500 

23 
15 

15 

April    (i|)i. 
April  IKtIi. 
April  2»tli. 

3,1W0.000 

8,000 

•JO 

M«v  lOtli. 

3,875.000 

R,»(IO 

36 

MhV  1 3th. 

■i.  450.000 

ri.aoo 

20 

Jiim-  lOtli, 

4..VHP.00O 

7,BO0 

.1.11..    lISlli 

«i 

3,10<l,IK)0 

H.4I)0 

45 

.w 

si,    ;i.44ii.ooo 

H.8ai 

4« 

LiviTi'iilurtri-il. 

:t4 

M  ^  

T.WKl 

vr, 

4B 

T.WKt 

rippeJ:  144...iue«i. 

3H 

'!  !  ri'midon 

7.tl00 

ih 

5« 

M- 1     

7.R(«I 

118 

57 

3.744.0('0 

1.4110 

w 

i» 

■J.IWI.OOO 

ll,'>00 

8,-> 

ra 

6.aMi 

tui 

4H 

4,'MSK,tlOO 

6,1  (HI 

tH 

SN 

F. 



5,7lMI 

(15 

5.7aO.OO<( 

r,,siHi 

46 

DilTrn-iilial  uontuil  cuDt 

45 

■•  Wtll.lNIO 

,1.,-rfllJ 

40 

14 

J  3.4MP,U()U 

S.WHJ 

54 

>l.'     

,-.,400 

iv4 

06 

M.      4.(M),I»"J 

.-..Wji) 

4H 

l,ivri.ilr.>|.hi..  .Jul;-  I3l1l. 

,  4.:tia.0(K) 

4.t)00 

(13 

.i.iiva,'.iii. 

42 

M.    2.flM.«00 

4..'WNI 
K1.400 

56 

()ci..lH.r;KMh. 

Niivi-iiiIht  Till,  iliirilii.'  ili).'i'iiIioQ. 

i 

X..v..|iiIht  mil,  .liiriiiL'  ilip^Uon. 

-^1     M.     

:!!n<J<p 

73 

54     K    ■  

:t.:UHi 

!>.'> 

t«      M.     :t.»44.(>UO 

;i,u«Hi 

fit)     M.    :i..->(Vs.iNNi 

■J,  400 

■Vt 

53 

M. 

:(,44II.(IOO 

3.400 

M 

TUrtysi'vi'ii  (■**■». 
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Hcertioglohin, 

Usually  the  color  index  is  low;  the  average  was  .66  in  the  ten 
Massachusetts  General  Hospital  cases. 


White  Cells. 

Except  after  recent  hemorrhage  none  of  our  cases  showed  any 
leucocytosis  and  the  average  count  was  7,240,  some  cases  having 
notably  low  figures  (2,400,  ;5,000,  4,500). 

Hayem's  results  agree  with  this.  Von  Limbeck  makes  no  defi- 
nite statement  on  this  point.  Rosenstein  and  Wlajew  found  leuco- 
cytosis, the  latter  12,000  to  17,000.  Possibly  their  cases  include 
the  forms  of  cirrhosis  //•////  jaundice  in  which  (see  Table  XLIV., 
B)  the  white  cells  are  more  often  increased. 

The  forms  of  hypertrophic  cirrhosis  without  jaundice  (fatty  in- 
filtrated liver)  are  here  classed  with  the  atrophic  cases  whose  blood 
has  just  been  described. 

Table  XLIV.,  B.— C'lHHiioTrc  Liver  wrrn  Jaundice. 


Age. 

29 
42 
88 
51 
32 
86 
45 
28 
67 
85 
54 
88 


Sex. 


M. 
M. 


Red  cello. 


M. 


86 
50 
57 


8.700,000 
1,024.000 
3.400.000 
3.960.000 


White  cells. 


5.016.000 

8, 740.  bob 


M.  2.064.000 
M.  2,904.000 
F. 


20.000 
19.600 
19,500 
19.200 
18.200 
15.600 
14.000 
12.400 
12.200 
12.000 
9.300 
8.700 


Per  cent 
hflemo- 
Klobln. 


30 
36 
50 
47 
65 

65 
65 
63 


50 


Remarks. 


19.200 
22.000     i 

4,:i00 

2.400 


50 
54 


Toxic  symptoms.     Delirious. 
Autopsy. 

Hivmoptvsia.     Delirious.     Death. 
T.  102-104.     Liver  enlarged. 

Liver  enlargtKi. 
Ascites. 

Liver  enlarged. 

Ascites. 

Dilfereutial  c^unt  400  cells: 

Polynuclear.     87  per  cent. 

Lymphocytes.  12      ** 

£<>sinophiles.       1 

Normoblasts.       1 
Twentieth  day.     High  fever,  toxic 

symptoms. 
TwVnty-f(uirth  day.      High  fever, 

toxic  symptoms.     Autopsy. 
Jauuiljce  only  transient. 
; Autopsy  (hypertrophic  cirrhosis). 
Adult    ceils.  83  per  cent. ;    young 

cells.  17  percent. 


Fifteen  cases. 
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2.  Hypkktkoi'hic  ('irkhosis  with  Jaundice. 

Btd  Cells. 

Tnie  (biliary)  hypertrophic  cirrhosis  icith  jaundice  has  according 
to  Hayeiii  an  intense  anaemia  in  many  cases.  In  others  it  has  no 
more  effect  on  the  blood  than  ordinary  atrophic  cirrhosis.  The  six 
cas<*s  in  Table  XLIV.,  13,  averaged  a  little  lower  in  the  count  of 
wliite  cells  than  the  ten  atrophic  cases,  3,200,000  as  contrasted  with 
3,580,000. 

H(P9nofflMfi, 

In  a  single  ease  of  this  variety  of  cirrhosis  Hayem  found  in  four 
suecessivo  blood  examinations  a  color  index  of  more  than  1.  His 
counts  aiv  as  follows : 


Date. 

Bad  cells. 

Whitaoellt. 

Per  cent 
bamoslubln. 

Oolor  lodes. 

January   9tli 

1,5W.600 
1,884.000 
1.798.000 
1.971.000 

41 
60 
50 
58 

1.27 

-        nth 

21.803 
18.082 
15.500 

1.89 

••        12th 

1.48 

-         15th 

1.40 

Dried  specimens  showed  an  increased  average  diameter  of  the 
cells  as  in  ]>ernieious  anaemia.  The  patient  died  January  Ifith,  and 
tlie  autopsy  continned  the  diagnosis  of  hyj>ertrophie  cirrhosis. 

The  observations  of  v.  Limlx^ck  of  the  inoreas«»d  volume  of  the 
red  <*ells  \\i  jnunilin'  may  iM»rhaps  Ix^  another  examj)le  of  the  con<li- 
tion  lieiv  noted  by  Hayem.  The  i)reRiMiee  of  bile  in  the  bl(H)d  makes 
all  luenioglobin  estimations  unsatisfactory. 

Only  on«*  of  our  six  oases  showed  this  same  condition — Case  \\\  in 
Table  XLIV.,  H.  The  eorjmsc'les  numbertfd  2,0()4, (HK),  or  forty  |)er 
(vnt.  and  the  hieinoj^lobin  fifty  j)er  cent,  a  color  index  of  1.2/>.  This 
case  was  jaundieed  at  the  time  of  the  examination. 

I  have  seen  no  eonfinuation  of  Hayem 's  observations  by  any  other 
writer. 

White  O'/h. 

Leueoeytosis  is  <'onimoner  in  this  than  in  the  other  variety  of  cir- 
rhosis. Hanot  and  Mennier  found  from  9,000  to  21,800  leucocytes 
per  eui»ie  inillinietre  in  five  <'ases  of  hyjM*rtroi)liie  cirrhosis,  and  an 
averai^e  <»f  r»,f*»<M)  in  ordinary  cirrhosis.  L(*uc(K'j't<)sis  was  present 
in  Itnir  (»t  tlie  --ix  eases  of  the  Massachusetts  (ieneral  Hospital 
series,  the  avrrage  of  all  six  being  *J,000. 
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Diagfioatic   Value. 

The  blood  of  either  form  of  cirrhosis  has  no  diagnostic  value,  so 
far  as  I  know,  except  to  exclude  abscess  and  hydatids.  If  no  leu- 
cocytosis  is  present,  abscess  and  hydatid  cyst  can  usually  be  ex- 
cluded. 

HYDATID  CYST  OF  THE  LIVER. 

The  only  observations  which  I  have  met  with  are  those  of  Hayem 
and  Neusser.  Hayem  states  that  the  blood  shows  leucocytosis  and 
increased  fibrin.  Neusser  considers  that  the  increase  of  eosino- 
philes,  which  he  finds  in  hydatids,  serves  to  distinguish  them  from 
hydronephrosis,  dilated  gall  bladder,  etc. 

"  Auche  in  one  case  ruled  out  the  diagnosis  of  hypertrophic  cir- 
rhosis from  the  absence  of  an  excess  of  leucocytes." 

In  a  single  case  I  recorded  white  cells  34,000. 

EcniNoctK-cuH  Cyst. 


Age. 

Red  cells. 

White  celte. 

Per  cent  hflpmoglobin. 

Kemarks. 

81 

8.664.000 

8,650 

AS 

Iceland. 

ACUTE   YELLOW  ATROPHY  OF  THE  LIVER. 

Grawitz  records  a  case  with  5,150,000  red  cells  and  1(>,000  white 
cells. 

A  single  case  with  autopsy  was  studied  at  the  Massachusetts 
General  Hospital  in  1894,  the  blood  showing  5,520,000  red  cells, 
12,000  white  cells,  and  sixty  per  cent  of  hsemoglobin. 

Ewing  reports  three  cases  with  leucocytosis,  15,000  to  21,000. 
"  The  absence  of  rouleaux  and  early  crenation  mentioned  by  Grawitz 
were  not  noted." 

PHOSPHORUS  POISONING. 

Taussig,'  V.  Jaksch,"  Badt,'  and  v.  Limbeck*  note  an  increase 
in  the  normal  number  of  red  cells  per  oubic^  millimetre.  Taussig 
found  8,650,000  i)er  cubic  millimetre;  Badt,  0,400,000,  (>,500,000, 

'Arch.  f.  experiment.  Path,  uml  Pharm.,  vol.  xxx.       ^Oiss^Tt..  Beriiu.  1891. 
«Deut.  med.  Woch.,  1893.  p.  10.  '•/»r.  at.,  p,  34, 
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and  (1,800,000  iu  three  siip^essive  eascN ;  v.  Limbetrk,  6,500,000  and  1 
7,900,000.  That  this  iucrease  is  not  due  to  coiiceutratiou  of  tlie  I 
blooit  through  vomiting  o(  liquid  is  proveil  by  v,  Liiubeck's  last  I 
case,  iu  which  no  voiuitiiig  whatever  took  place. 

The  i^oiiut  nauiilly  Mis  tu  iiuriual  within  a  few  days.     All  these 
ohangea  were  verified  iu  thirty-three  eases  at  the  Stuckholuk  Hospi-  I 
tal  ill  1892  (see  Stockholm  Hosjiital  reports  for  18Sf2). 

The  white  cells  in  v.  Liiubeek's  seeoud  ease  were  increased  to  | 
I2,"»00,  In  V.  Jaksch's  five  cases  the  counts  were  68,750,  48,000,  j 
8,000,  4,070,  and  ;),400. 

ClIOI^EMIA 

When  jaundice  is  intense  and  long  stiuiding,  as  in  complete  ob-  | 
Structiou  of  the  bile  duct-s  by  gall  stones  or  tumors,  the  h[oml  is  I 
weakened  very  notably,  and  hieiuoglobiii  and  the  count  of  luirpu 
cles  fall  steadily.     Very  little  is  to  lie  learned  upon  the  subject  from 
the  literature,  but  the  iiualitative  changes  mentioned  under  cAtarilial 
jaundice  are  much  more  marked,  and  leiicocytosis  is  apt  to  be  pivs- 
ent.      I  have  studieil  the  blood  in   a  case  of  fatal  chronic  jaundine   I 
without  fever  aii<l  for  which  at  autopwy  no  cause  was  found.     The  ^ 
leuoooytes  ranged  between  IL'.OOO  and  14,000. 

OAI.L  STONES 

Metter'  and  Sittmann'  have  founil  pyogenic  organisms  in  cultures  1 
from  the  bltnid  of  patients  with  gall  stones,  as  have  also  Gilbert  { 
and  Girode.'     The  nloii-  cxi'jiiltiti'in  is  of  great  surgical  importance. 

"The  pneuiniiiHieciLt  of  Frfliikel  and  streptococcus  jiyoKenes  were 
obtained  from  the  blond  in  one  case  eai^h,  both  complicated  by 
hejiatie  alwit-sK,  by  Canon  and  by  Zauearol." 

Of  the  22  cases  of  this  disease  exainineil  at  the  Massachnsetts 
(teneral  Hospital  3  were  complicated  with  cholangitis  (see  Table 
XLV,,  A).     Excluding  these  2,  leiicocytosis  was  iires4'nt  in  only 
4  of  20  caw's.     The  red  cells  were  low  in  2  eases  (2,800,0(K)  and  ( 
.'(,900,000). 

The  absence  of  leucocytosis  helps  us  to  distinguish  the  disease 
from  iwritJiniti.-'  and  apjiendicitis,  and  excludes  suppurative  cholan- 
gitis. 

'Pi-n)tn'.«MMinil.  1M«I,  X.1   4fi. 

<  Ih'iil    Anil    (   kliti.  Mt-il  .  \>m.  p   H28. 

'Iji8«'iunincMi-d..  ISWt.  Nu.  W. 
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Tabi,k  XLV..  a. -Gall  »ro»iw. 

«.. 

BeR. 

SedMlU. 

Wblie 

IVIIL 

IVrcMiI 

ghMn.                                 B«Il«rtt». 

as 

2^,300 

w 

p! 

4.'768.bi)0 

34.000 

L'lioUDgitts  also. 

so 

F. 

4.830,000 

30.000 

Cltotangltw,     AiiloiMy. 

68 

F. 

4.010.000 

\<i.tm 

29 

11. 

.... 

16.200 
13,200 
10.000 

IlectmlM-r  I6II1- 
Dt-wmbtr  ISIh. 
DfC^nitwrSlBl, 

BO 

U.»00 

First  day.    Pus  In  gaW  bladder. 
Fourtliilay, 

30.700 

l.\000 

Pinii  duy.     Operaiiou. 

40 

F. 

4..'i30,000 

18.000 

60 

F, 

13..T00 
11..W.1 

72      Temp.  100.8'. 
70 

an 

ll.liOO 

46 

4JV<t.obb 

11,400 

45 

ta 

11. WW 

Olwrrurtivi-  jauadiw. 

80 

4,168.(H)b 

10,.W0 

6.'>      >-..  pain. 

8T 

10.800 

In  colic. 

40 

«. 

10.2.^0 

flO 

4.«86.0i)0 

10,300 

45 

Ki 

10.200 

In  i>tiiii. 

4.44ti.bi)b 

10,000 

58      Sixtli  dny.    Operation. 

40 

t\ 

10.001) 

BO      .Taundiec. 

40 

9,I)0U 

47 

9.HP0 

85 

M 

0,700 

41 

0,400 

90      No  paiu. 

82 

9,40>J 

. .      No  pain  for  two  days.    T.  100*. 

83 

9.400 

5,200 

. .      Colic. 
. .      Colip. 

83 

9.200 

. .      No  colic. 

4.-S 

f'. 

9.3U0 

too 

ss 

F. 

H,900 

60      [)i«le.id.-<l  gall  bkdder. 

as 

F. 

h'.oii'fioo 

f*,HOO 

Jaimdicc. 

40 

H,80U 

..       NoiMiin. 

46 

«,200 

. .       Colic. 

37 

8,200 

Itay  after  colic. 

aa 

M. 

9.iv».m 

H.000 

2R 

F. 

4,»00,0(W 

8.000 

m 

7,H00 

Between  at Incks. 

50 

7.700 

Deep  JHllDdice. 

87 

7,000 

60 

H 

f! 

7.«00 

80 

40 



7.4IK) 
8.700 

60      AiigiiM  2.1)11. 
.      AuguM  27ili 

4.336,000 

ll..'>O0 

i.'i.ion 

.W      Atigiwt  8ti«t, 
Weptpmlwrllih. 

a,B36.0U() 

10.600 

40      SipicmbiT  Tlh. 

4H 

30 

p! 

^.iiu.olM) 

7.400 

57 

p. 

7, 401 J 

tv, 

ST 

F. 

7,*Ml 

(li'tolwrlsl. 
..      IIMolMi-.-itli. 

48 

6.7011 

Bciw.'i'iiiiitarkfl. 
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Tahle  XLV.,  a. — Gall  Stomeb  (Coaliiiutd). 


Age. 

KU. 

BHlBeU.. 

*rlif 

Ptriinl 

58 
57 

51 
2» 
84 

M. 

F. 
F. 

M. 

i.'sad.bbb 

6,000 
5.400 
.1.800 
5.200 
4,000 

«4 
«8 

In  colic,  proved  at  operation. 

CHOLANGITIS. 

Here  the  Isucocytosis  is  well  marked  whenever  the  infjammation 
has  got  beyond  the  catarrhal  stage  (see  Table  XLV.,  B),  and  helps 
us  to  exclude  siiii|ile  iin]iacted  gall  stone,  with  or  without  eoHc.  CaD- 
cer  may  or  may  iiot  produce  leueocytosis,  but  does  not  usually  in- 
(irease  the  fibrin  network ;  it  is  said  by  Hayem  that  cholangitis  does 
increase  it. 

Tablk  XLV.,  B.— Cmolakiiitis. 


Bo. 

A«. 

Sex. 

tMMllt. 

WhltowlU. 

Benu-ka. 

I 
2 

8 

4 

ai* 

F. 

p. 

K, 

4,800.000 
Q.400,0(K) 
i.WO.JHX) 
4.976.000 

50,000 
30.000 
23.  IKK) 
U.HOO 
14.1S6 

n.ooo 

0.000 

6.801) 
4.400 

Suppurative  cholaogitie. 
JauDdiceaad  cliolwmm. 

October  SOtli.     OperatioQ  October  SM- 

AliRcwaoriiver. 
Cntarrlial. 

Catarrbal, 

7 
6 

3i 

H. 
T. 

6.ftt0,000 

5,.W2.0«n 
4.7TO,0<KI 

iFiral  ilav,     I II  fee  Hon  8, 
iTIiinl  lUv, 
|Sii|.,,ijrH 


iniil.iirHlivc, 

),,li   -1..111-S. 


iTtii  iliivs  Inter.    Suppumtivf 
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The  blood  does  not  differ  from  that  of  cholangitis  with  suppu- 
ration. From  cancer  it  may  often  be  distinguished  by  the  absence 
of  increased  fibrin  network  in  cancer,  while  it  is  always  increased 
in  suppurations. 

ABSCESS  OF  THE  LIVER. 

In  all  but  one  of  the  cases  seen  by  the  writer  (see  Table  XL VI.) 
the  leucocytosis  has  been  very  marked.  I  have  never  been  able  to 
account  for  its  absence  in  that  case. 

Table  XLVI. — Abscess  op  the  Livkk. 


Age. 

Sex. 

Redoelbi. 

White 

IVr  cent 
hnmo- 

Bemarkt. 

M. 

Cello. 

38.200 

globin. 

20 

4.588,000 

•   • 

January  11th. 

48.000 

•   • 

January  14th.    Operation. 

15 

F. 

8.750,000 

26.800 

•   • 

Opet'ation. 

60 

F. 

4,460.000 

18.000 

•   • 

Operation. 

28 

M. 

12.600 

88 

F. 

11,000 

•   • 

Novemher  8d. 

17.500 

•   • 

November  4th,  11  A.M. 

19.200 

•   • 

November  4th,  2  p.m. 

20,600 

•   • 

November  5th,  10  a.m.    Operation ; 

autopsy. 

26 

M. 

2,664.000 

10.200 

88 

October  19th. 

12.000 

•  • 

October  20th. 

15.000 

•   ■ 

October  2l8t.  October  25th,  aa- 
topey ;   streptococci. 

61 

F. 

8.440.000 

9.600 

CANCER  OF  THE  LIVER. 
(See  Malignant  Disease,  p.  *^5.) 

GUMMA  OF  THE   LIVER. 

Von  Jaksch  in  a  single  case  found  red  cells,  2,756,000;  white 
cells,  6,100. 


DISEASES    OF    THE    PANCREAS. 

HEMORRHAGIC  PANCREATITIS. 

Opie  records  a  leucwytosis  of  19,(500  in  a  case  operated  by 
Bloodgood  {Johns  Hopkins  bulletin j  January,  1901). 

At  the  Massachusetts  (General  Hosjiital  we  have  had  a  case 
in  which  the  following  are  rec^urded : — !ili,800,  9,200,  (counts  of  white 
cells. 
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:    PANCKEATms, 


Art. 

While  »11,. 

» 

n.aoo 

88.000 
34.000 

100 

Fourtli  <iay. 

DISEASES    AFFECTING    THE    HEAUT 

PERICAKDITIS 
(See  Inflammation  of  Serwus  Membranes,  ]>.  2(i.'i.) 
ENDOCARIHTIS- 
Ln  many  casea  of  acute  endocarditis  the  blood  shuwH  no  changes. 
In  others,  whatever  alterations  the i^e  may  be  arc  wtveied  uji  liy  tlioaa  J 
involved  in  the  rhtumatie  arthritis  aiwuciated  with  the  endocaiditia. 
ULCEKATIVB   ENIHlCAimiTIS 
lu  uIperittivK  or  mallijnanl  I'nilofitnlitlg,  WH  may  find  the  signs  of  j 
B  pyogenic  infection  (sei<  p.  'JHl).     Sometimes  pyogenic  cocci  can  be  j 
cultivated  from  the  blood,  and  if  present  mn;/  /«■  o/i/if  ffivtitftt  ealut  i 
in  a  diaffimxin  alwayx  lUtticnlt  to  make. 

Grawitz  got^s  hu  far  as  to  say  that  iu  doubtful  cases  repeated  \ 
negative  results  of  niltnres  from  the  blood  make  it  imlikfly  that  1 
ulcerative  endocarditis  is  present. 

Sittniann'  considers  that  important  help  may  be  given  as  to  th«  '1 
positiou  of  the  primary  focus  of  infection  by  the  nature  of  the  or-  I 
gaiiisui  present  in  blood  cultures — i.f.,  the  paeunioejtcons  pointing  I 
to  the  lung,  the  colon  bacillus  to  the  intestine,  eti-. 

As  in  all  forms  of  septicemia  marki-d  aiisemia  rapidly  develops, 
more  rapidly  probably  than  in  any  other  disease.  The  hcemoglobio 
loses  about  equally  with  the  corjiiiscles,  aiTcording  to  most  oliserver* 
— that  is,  the  blood  destruction  is  so  rapid  tliat  tlie  red  cells  do  not 
get  thin  before  they  die,  as  is  usually  th<'  ciuw,  but  are  cut  off  iu  the  , 
prime  of  health. 

Kurther  evidence   of  rapid   Mood 
hsamoglobimemia  often  present. 

Kosirher  (/o^.  fif.)  records  couutn  nf  4,400.000  and  2,7ri0,000,.] 
both  fatal  cases.      In  one  case  seen  by  the   writer  the  count  n 
3,792,000  with  fifty-eight  per  eeiit.  of  hemoglobin 
■  t«p.  fit. 


ri.-str 


seen    in   the  I 
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Hliite  Corpuscles. 
Rieder  reports  a  single  case  showing  these  valuations : 

Tempenouiv.  White  ceUi. 

January    2d.    1891 105^  17.000 

•*     '     8d,    1891  99°  18.700 

«tb,  1891  108^  15,500 

10th.  1891 101.5^  18.000 

12th.  1891  101.5°  21,800 

18th,  1891  lOr  18.800 

22d,    1891 104.5°  18,000 

February  11th,  the  patient  died. 

P^  found  leucocytosis.  Roseher  in  two  cases  found :  Case  I. : 
8,800  leucocjrtes;  the  patient  died  in  two  days.  Case  11. :  16,800 
and  12,000.  Krebs  in  one  case  found:  October  27th,  15,o00; 
October  28th,  44,200;  the  patient  died  the  same  day. 
"  Grawitz  reported  li>8,000  leucocytes  in  one  case. " 
Twenty-two  cases  were  counted  at  the  Massachusetts  General 
Hospital  with  the  following  results : 

Table  XLVII. — Ulcerative  Endocardithj, 


Age. 


21 


8  yrs. 
llmo6. 


29 

18 

>  •   • 

27 
29 
35 


Red  cells. 


4,216,000 


White 

Percent 

cells. 

hsemo- 

fflobln. 

84,800 

89,200 

27,000 

47.600 

80,100 

15,800 

18.100 

26,100 

50 

27,000 

27,500 

27,400 

25.  (HK) 

16.600 

25,700 

27,840 

18,100 

22,  (KX) 

22,800 

22.7^)0 

20.400 

•    •    ■    • 

20.800 

75 

19.100 

•  •  •  • 

18,900 

•  ■  •   • 

81.3(K) 

•  •  •  • 

20,400 

1 
•   •  •  •        1 

Remarks. 


Third  day. 
Tenth  <lay. 

Seventeenth  day.     Died  twenty- 
first.    No  autopsy. 
May  27th. 
May  80th. 
June  17th. 
November  20th. 
November  28d. 
November  27th. 
December  8d. 
DecemlKT  9th. 
December  22d. 
Mav  22<1 . 
May  24tli. 
Mav  26tl». 
May  28th. 


Aortic  stenosis. 
Mitral  insuf- 
ficiency. 


Autopsy. 

(Six  months'  fever.) 

Autopsy. 

Pneumonia.  January  28th,  1899. 

February  4th.  1900.    No  signs  but 

a  systolic  murmur  and  chills. 
February  11th. 
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Table  XLVIL— Ulcerative  Endocarditih  (Conttntted). 


Age. 


Sex. 


68 


85 


8yr8. 

llmo6. 
44 


Red  cells. 


•    •  •  • 


2,718,000 


21 


28 
82 
28 


88 


8,996,000 


5.330.000 


8,792,000 


8.884.000 


4.272,<KK) 


8.560.000 


2,852,000 
3.652.0(Mj 


White    !  Percent 


ceils. 


20,900 
40,400 
81,000 
37.400 
68.7(H) 
87,150 


18,800 
8,600 

18.800 

29.200 
85,800 

15.200 


18.500 

18,400 

18,000 

12.600 

14.500 

20.400 

24,000 

ll.:iOO 

9,000 

11.700 

18.700 

13.900 

10.000 

8.900 

7,900 

7.600 

5.200 


11,900 

10.100 
8,800 

21.300 

15.100 

6.200 

9.H00 

3.000 


bspnio- 
ffiobin. 


25 


55 


•  •  •  • 


45 

42 
50 

4H 
58 
55 


45 


50 


45 


85 

50 


Remarks. 


Februarj'  15tb. 

February  21  at. 

February  23d. 

February  25th. 

March  1st. 

March  4th. 

March  7th.  Autopsy.  Malignant 
endocarditis. 

April  7th.    T.  102*.     Pneumonia. 

April  10th.  Pneumonia  gone.  T. 
99^ 

April  14th.  8  a.m.  T.  104.5\  Aor- 
tic and  mitral. 

6  P.  M. 

April  15th.  7  A.M.  Culture  of 
blood  (14th).    Pneumococci. 

Poiy nuclear.     86  per  cent. 

Lymphwytes,  14       ** 

Eosinopliiles,      0       ** 

No  autopsy. 

October  18th. 
OctolH»r  22d. 
j  January  13th. 
'January  14th. 
January  16th. 
January  IHth;  (iied. 
January  8ih. 

Pulmonary  embolism. 

March  15th. 

April  6th.     No  autopsy. 

Autopsy. 

iHyperphwlic. 

Autopsy. 

r)<*cemlKT  15th. 

Polyuuclcar,     91.2  percent. 

Lyniphcwytes.    6.7       ** 

liwinophileH.      2. 1 

I)(*ceniber  27lh. 

DiH-einlMT  3 1st. 

.January  7th. 

January  14th. 

:  January  15th. 

January  26th. 

January  3()th. 

Fel>niary  24th. 

Maix'li  Hth.    No  autopsy. 

Poly  nuclear,     77.0  per  cent. 

Lymphocytes.  22.5       " 

Eosinophil<»s.        .5       ** 

No  iiucleattHl  reti.n.    Autopsy. 
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Practically  the  same  are  the  counts  in  the  following  cases  of 
apparently  "  benign  "  endocarditis  with  fever  and  rapidly  shifting 
murmurs,  the  seventh  complicating  choi*ea  in  a  boy  of  thirteen. 


Table  XL VIIL— "Benign''  Endocarimtis. 


Age. 

Sex. 

Red  cells. 

White  cells. 

Percent 
lupmofTlobiD. 

RemarlEs. 

56 

F. 

50,100 
30,800 
36,600 

22.800 

•  •                   1 

November  24tli. 
November  27th. 
November  30th. 
J)eeemlH»r  7th. 

4 

•   • 

29.600 
28.500 
10.600 

Twenty-first.     T.  102'. 
TwentV-secoml.    T.  98'. 
Twenty-fifth. 

28 

•   • 

24.800 
11.700 

Twentv-fourth. 
Twenty-tifth. 

11 

•   • 

4.728.000 

24.500 

55 

First  day. 

17.700 

•   • 

Seventh  day. 

14.000 

55 

Fourteenth  day. 

15.100 

10.800 

55 

10.100 

34 

27 

•   • 

24.000 
16.000 
13,600 

80 

First  day. 
Fourth  (lay. 
Fifth  day. 

29 

•   • 

21.320 

Pregnancy  four  months. 

13 

M. 

20.600 
17.900 

62 

May  26th.     T.  102^-104*. 
May  29th. 

18.700 
16.800 
21.200 
27.400 
22,700 
24.200 
21.900 
26.100 
26.800 
17.400 
2H.70O 
21.200 
21,300 

•  * 

•  • 

May  31  St. 
June  3d. 
June  4th. 
June  8lh. 
June  nth. 
June  13th. 
Jinie  15th. 
June  17th. 
June  19th. 
June  23d. 
June  26th. 
Jul}'  2d  (outdoors). 
July  4th.     Left  the  hospital  July 
19th. 

17 

•  • 

19.8(X) 
19,200 

DecemlMT   16th.      Mitral    insuffi- 
ciency.    Renal  colic. 
December  20th. 

26 

•  • 

12,000 

Salpingitis. 

Diagnostic   Value. 

(a)  Blood  cultures  should  never  be  omitted  in  cases  of  suspected 
malignant  endocarditis.  ^Vhen  positive  they  are  of  great  value. 
(b)  In  excluding  typhoid,  malaria,  and  miliary  tubercle  the  presence 
of  leucocytosis  is  important.     1  saw  within  a  few  months  a  case  in 
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which  several  consultants  had  made  the  diagnosis  of  typhoid,  but  in 
which  the  presence  of  marked  and  persistent  leueoi*ytosis  and  the 
absence  of  a  typhoid  serum  rea(*tion  convinced  me  that  the  case  was 
one  of  ulcerative  endocarditis.     This  has  since  been  verified. 


MYOCARDITIS. 

Whenever  stasis  and  disturbance  of  the  circulation  result  from 
weakness  of  the  heart  wall,  blood  changes  identical  with  those 
described  under  Valvular  Heart  Disease  are  present.  Otherwise  the 
blood  is  normal. 

T.\BLK  XL! X.— -Myocarditis. 


Age. 
51 

S4»X. 

Red  cells. 

White  cells. 

Percent 
baPDiufflobtn. 

Remarks. 

•     • 

80.000 

75 

N<)  autopgy. 

54 

18,200 

68 

Mitral  cliseasc  with  broken  com- 

I)on8ation. 

62 

•    • 

12.900 

58 

•    • 

4,044.000 

ll.HOO 

45 

Broken  compensation.  Chronic 
hmnchitiH. 

00 

•    • 

10.700 

62 

•    • 

10.700 

•  • 

Mitral  insuffieiencv. 

75 

•     • 

ft 

H.84K) 

•   • 

SyiK'o|K'.  Chronic  interstitial 
nephritiB. 

58 

•    • 

H.8<K) 

68 

Pn>>rrc»s8ive  niuscular  atrophy. 
Arthritis  deformans. 

55 

7.4(H) 

6H 

•     • 

7.2(K1 

Chronic  iiitirstitial. 

67 

•  • 

«.T«K) 

Clironie  interstitial. 

VALVl'LAU  HEART  DISEASE. 

(irawitz  divido.s  valvular  heart  dis4*ase  into  three  stages  with 
eorrespoiiding  blood  conditions : 

1.  Stage  of  full  eonijKMisation :  blood  normal. 

2.  Stage  of  arutf  failun^  of  comjK'iisation :  blood  diluted  ((Vr- 
ter.s  **ph»thora  serosa"). 

'^.  Stagt*  of  chronie  .stasis  and  cyanosis :  blood  concentrated  for 
the  most  part;  at  times  diluted  as  well. 

1.    A  valvular  h»sion  jffr  sf  has  no  efifect  on  tht*  blood. 

-.  When  coinjKMisatiou  fails  and  bhwid  ])re^suve  is  hiwered,  we 
find  {esftt'ruilhj  in  fh**  i'rtifnishhnnl)  that  the  fluid  from  the  surround- 
ing lymjih  spaces  has  made  its  way  into  the  v«'ssels  and  diluted  the 
blood.  Tht*  s]M»citic  gravity  falls,  red  <'ells  and  haMn(>globin  are 
lower  than  lM*fore,  while  the  white  cells  are  unaltered,  and  the  plas- 
ma is  shown  to  l)e  more  watery  than  l>efore,  as  well  jui  of  increased 
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quantity  per  cubic  millimetre.  All  these  changes  are  less  marked 
in  capillary  blood,  and  hence  ai*e  rarely  observed, 

3.  If  the  heart  adjust  itself  partially  to  the  increased  work  it 
has  to  do,  and  to  the  chronic  passive  congestion  of  the  internal 
organs  and  at  the  periphery,  the  blood  is  concentrated,  probably  in 
part  by  transudations  into  serous  cavities  and  l3rmph  spaces,  and  in 
part  by  the  increased  excretion  of  moisture  by  the  lungs.  The 
specihc  gravity  and  the  number  of  red  cells  are  increased,  especially 
in  the  capilfaries,  and  to  a  less  extent  in  the  venous  blood  (the  con- 
ditions being  just  the  reverse  of  those  in  acute  heart  failure,  stage 
No.  2) .  This  is  the  condition  usually  found  in  heart  disease  with 
chronic  venous  stasis  (passive  congestion). 

But  this  concentrated  condition  of  the  blood  may  be  offset  from 
time  to  time  by  fresh  weakening  of  the  heart  and  lessening  of  blood 
pi^ssure,  and  the  combination  of  the  two  conditions  may  result  in  a 
normal  blood  count. 

The  condition  of  concentrated  peripheral  blood  with  the  count 
of  red  cells  above  nonnal  is  that  most  commonly  seen  in  chronic 
heart  disease  with  stasis. 

Von  Limbeck  finds  that  aortic  lesions  are  more  apt  to  show  a 
normal  or  diminished  blood  count,  while  mitral  disease  is  more  apt 
to  be  accompanied  by  the  temporary  dilutions  and  long-standing 
concentration  above  described.  He  does  not  explain  the  cause  of 
this,  and  it  does  not  coincide  with  my  cases.  One  of  his  patients 
with  double  mitral  lesion  showed  a  decrease  of  1,170,000  red  cells 
(from, 7,500,000  to  6,330,000)  after  exertion.  When  the  i)atient 
was  quiet,  the  lesion  was  compensated ;  on  exertion  comi)ensation 
temporarily  failed,  blood  pressure  was  lowered,  and  the  blood  di- 
luted. 

Sadler*  found  considerable  anaemia  in  three  out  of  four  cases  of 
aortic  disease,  while  only  two  of  seven  patients  with  mitral  lesions 
showed  auiemia. 

Schneider's'  results  were  similar  in  that  he  found  the  red  cells 
normal  in  the  aortic  cases  and  increased  in  the  mitral  ones. 

Hayeni  found  anaemia  most  common  in  aortic  regurgitation, 
especially  in  young  people. 

In  the  Massachusetts  General  Hospital  records  there  have  l)een 
a  strikingly  large  number  of  cases  of  mitral  disease  associated  with 
severe  anaemia  (see  cases  2, 10, 14,  and  88  of  Table  L.).    The  counts 

'  r^H'.  cit.,  p.  38.  Unaug.  Dissert.,  Berlin,  1888. 
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of  red  cells  in  twenty  paaes  average;!, 400, 000,  aiid  uticU'uted  w<l  wll*  I 
were  fuuiul  in  three  cases,  TheHe  were  all  of  Uiem  mij-jiuned  to  t*e  I 
cliroDic  casea  without  any  tu'tive  eiiiluvarditis,  sejitie  iir  Ik'hi^,  luid  I 
were  tor  the  most  part  afebriie.  In  view  of  the  inarkeil  ana>mis  | 
and  leucocytoais,  howevei*,  1  aui  in  doubt  whether  the  endiK'^rditis  I 
was  really  as  dormant  as  tlie  temperature  anil  the  ahseure  of  ehills  ' 
or  embolism  wouhl  suggest. 

In  the  eases  of  aortic  disease  due  to  arte vio-sclem sis,  tliere  waa 
no  considerable  aiiiemia  or  leueocytusis. 

Wkitr  C'or/iii»cffs. 

Almost  all  writei-s  whom  I  have  consulted  agree  that  the  leuco-  j 
cytes  are  normal  unless  some  comptiuatioti  uccunt.      Vet  in  a  large  J 
number  of  the  Massaehii setts  (ieneral  Hospital  easeti  the  leucoeytea  j 
were  steadily  iiirrriiiirtl,  wliile  the  red  (vlts  were  diminished  (sea  ' 
Table  L.)       This  leitcui-ytosia  eatiuot  be  explained  as  the  result  of 
stasis,  siiii!e  it  is  rare  iu  ai>rtie  ilisease  or  in  myocarditis,  despiU 
stasis,  and  is  found  chiefly  lu  mitral  cases.     That  stasis  plays  a 
part  in  the  bloutl  eounts  of  congenital  heai-t  disease  seems  evident 
from  the  eases  next  to  be  mentioned,  in  which  the  red  cells  are  in- 
(treased  only  about  forty  per  cent,,  while  the  white  are  often  one 
hundred  per  cent,  more  numerous  than  normal. 

The  apparently  normal  count  of  red  ctdls  in  some  of  onr  casea 
may  have  been  due  to  the  eorering  up  of  an  amemie  or  diluted  con-' 
dition  of  the  blood  by  concentration,  the  resultant  of  the  two  foroes 
being  an  apjiarently  normal  count. 

In  the  91  cases  of  mitral  disease  tabulated  on  pages  32.'t-326, 
there  are  51,  or  56  jwr  cent,  showing  leneoc'ytosis  of  more  thaa 
11,000,  and  32  with  over  10,000  teucocytosis.  In  some  of  the  cases 
there  was  pulmonary  infarction  or  nephritis  as  a  complication,  and 
these  lesions  may  have  influenced  the  count. 

The  iiolj-nuelear  cells  are  pro]>()rtionat«ly  increased.  In  expla- 
nation of  the  aniemia  aiul  leuc<x;ytosis  of  mitral  diHeaw  and  tht 
latrk  of  tlieiMH  phen(miena  in  aortic  diHease,  I  conjecture  tliat  mitral 
disease  is  rarely  long  donnant,  and  that  the  "failures  of  compeosa-  . 
tion,"  for  which  my  cases  sought  the  hospital,  were  associated  witb 
or  due  to  fresh  vegetative  or  thiomlwtic  processes  on  the  valves. 

(Edema  and  diuresis  have  in  themselves  little  or  no  eonstanfc  J 
effect  Upon  the  blood,  as  a  rewnt  ob3er\'atiou  of  Petrowsky's  1 
demonstrated. 
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CONGENITAL  HEART   DISEASE. 

In  the  cyanosis  accompanying  this  affection  very  high  blood 
counts  are  reported.     Gibson  found : 


Case. 

Red  cells. 

White  cells. 

Per  cent 
baemofflobin. 

1 

8,470,000 
6,700,000 

12,000 
12.000 

110 

2 

y2 

Carmichael  repoi-ts,  red  cells,  8,100,000,  white  cells,  16,000,  in 
a  single  case,  and  Toeniessen  counted  8,820,000  and  7,540,000  in 
two  similar  cases.  In  one  case  entirely  without  evidence  of  any 
stasis  I  counted  8,431,000  red  cells  per  cubic  millimeti-e.  Town- 
send  ha»  collected  30  such  cases  with  counts  ranging  from  6,000,000 
to  9,000,000.  How  such  cases  are  to  be  explained  I  do  not  know; 
the  ordinary  explanation  of  concentration  of  the  blood  will  not  hold 
in  cases  in  which  no  stasis  or  lack  of  compensation  exists,  yet  the 
skin  is  blue  and  the  blood  counts  are  enoi-mous. 

There  is  no  doubt  that  the  peripheral  capillaries  always  contain 
more  corpuscles  per  cubic  millimetre  than  do  the  veins.  Numerous 
reports  from  various  observers  agree  upon  this.  Whether  this  is  on 
account  of  the  loss  of  water  by  perspiration  and  consequent  drain 
of  blood  from  the  skin  capillaries  is  uncertain,  but  in  congenital 
heart  disease  both  capillary  and  venous  blood  is  overcrowded  with 
corpuscles  and  the  explanation  is  difficult.  Hayem  in  a  case  of 
this  sort  reports  7,000,000  red  cells  with  a  decrease  in  the  average 
diameter. 

T.\BLK  L.— Mitral  Valve  Disease  and  Its  Complications. 
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39 


ao 

44 
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Red  cells 


3,'448',66o 
2,.')90,OOO 


4,480.000 


44,0U) 
43,laO 

8,800 

3S.O00 


20,400 
27,000 


■ 

s 
si 

LKSI0N8. 

If 

Mitral. 

Aortic. 

•  • 

A. 

•  • 

•  • 

4 

•  • 
• 

•  • 

•  • 

Remarks. 

70 
56 

43 

«2; 

40' 

•  • 

M. 
M. 

M. 

Ruptured 

cump. 

M. 

•  •  •  • 

Died  same  day. 

July  5tti.    Polynuclear,  71.4;   lympbo- 

cytes,  27 :    myelocvtesi,  6 ;   masts,  4. 
July  9tli.    July  lOtli.  autopsy.    Fresh 

and  old  endocarditis. 

Temp.,  100». 

Fifth  day.    Purpuric  spots. 
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Table  L. — Mitral  Valvk  Disease  akd  Its  Cowlicatiokb  {Conlin«ed\. 
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win. 

f 

L^ios*. 

di 

Winl 

Aor.^. 

4 

IttiiKrIu. 

SJ»M 

M 

lEJilU 

*U 

M 

sjni 

m 

S.100 

H 

l.UAW> 

i.«n 

a, 

TVnip.,  W*. 

S8|::: 

i^ioono 

IS8 

s 

J» 

A. 

n.a» 

M 

iiS» 

« 

Tt-niih,  W*. 

11.000 

M 

10.M 

u 

H 

TMdii..W. 

a...  ]n.ano 

H 

M...\  1  injuo 

M 

A<iUiiiu, 

i.,.\  imaw 

J...I  B.SOO 

H 

TMnp.,W. 

n:::,  ::::::::!  ».boo 

H 

i,.!  aMO 

TO 

M 

im B-DOO 

K 

t^ MOO 

H 

« 

»...■  ftww 

70 

H 

Ikublo 

Temp..  IW1-. 

J:!!! 

«5 

M 

r !!!'  Maunii  »;»» 

irn 

U 

»...:7rr^.,..i  1U«» 

SI 

S..,i  1  Sino 

H 

B.U» 

K 

"  "■  iifeCiwi 

D«*nii«rSl.i.' 

n...  ^gG3,UD0     M.l»1 

M 

IB..., 7 iInio 

H 

Temp..  Blf. 

«..,■  '    8J(W 

U 

.1 1    8.IMI 

H 

1 1  »,m 

H 

Temp..  B7-. 

fl.4(n 

Temp..  SB-. 

Temp.;  «»•. 

ti:::  ;:::;"!|  ((.(«( 

H 

1 7.S0O 

M 

KD 

H 

81 

«■.,,'  7.800 

THKip..  BT*. 

« 

14...  tjmjxo'  -jm 

55 

Lxifue 

a 

...'  1  T.!n( 

M 

M 

1  ;.(oo 

K 

« 

... 

i    8.W0 

H 

85 

... 

'  «.«« 

M 

m 

n... 

8.(1)0 

K. 

m 

i.aaai(B0|  win 

io 

Htntv,  d«roniied. 

BovenU)  Omj^    Polmuclrtj.  «;   Inn- 

OV.I  fonut 

i.73».an  10.UU 

IS 

.... 

Fin«ntnd«. 

Twpnueui  diy.    Polrnurlear.  Ji! 

LTOXINIU    Mxn 

1£) 

1 

1 

i,gto,UJo'  &.au 

l« 

w! 

dunu 

'n: 

«n 

fi.B(W 

Twip-.  tK". 

-1 

"■■■ 

,    4.BU0 

"■ 
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Table  U 

— AOKTIC 

Valvb  Diheask. 

Age 

«.. 

Redcelte. 

WblWiflti 

PartTil 

„.„». 

"43" 

81,000 

50 

63 

12.000 

ao.ooo 

26.000 

60 

FiwKluv.    Temp..  101". 
Tliirddiy.    Temp..  lOS'. 
Sixth  day.     Temp.,  102', 
EiKhtli  ifiiv.     Trnin,.  101'. 
Fnuru^nth  day,     Te|np..  lOI*. 

as.ooo 

30,000 

ai.6oo 

TwctiTiclh  day-     Temp,.  W.8'. 
TwcDiy-wvenUi  day,    Autopsv. 

56 

7,800 

Angina, 

34 

ji,oai',666 

6,800 

no 

87 
24 

78 

6.000 
5,000 
8,200 

With  cliroidc  dlHuM  neplirilta. 

Tump..  9H°. 

2i 

4.«o',666 

46 

I 


The  inoBt  iui]K)rtaiit  iiractical  deductiou  triiui  these  liatu  is  tbat  I 
ft  blood  count  in  a  jifttieiit  xiiiFering  from  piiurly  1.10m jieu sated  heart  I 
difiease  has  ito  value  in  determining  whether  or  not  aiis^miii  ii 
ont.  The  actual  munbcr  of  corpuscles  in  thu  liody  ia  i>ot  uiea«iin-d,  | 
by  the  number  contained  in  a  drop  of  jicripheral  blood,  since  t 
Riia  may  be  effeutually  masked  by  concentration  or  simulated  I7  I 
dilution. 

Thia  holds  good  equally  for   any  condition  involving  (/rHemtM 
Htasis  and  i-yaiioHis  either  from  embarras^^ment  of  the  heart's  actiaa  m 
or  otherwise  (for  tDataiice,  pneumonia  in  1*118111  stage,  emphysenitt  J 
ilisplaivuient  of  the  heart  by  sennis  effuaiona,  or  tumors),  or  /«mf1 
Htasia  of  the  part  from  which  blood  is  taken.     I'enxoldt'  noted  that^ 
in  olil  hemi]ilegi(^  cases  the  blood  from  the  aff>-cti'd  side  contained 
more  corpuscles  than  that  from  the  sound  side,  and  the  writer  bu 
noticed  the  same  thing  in  a  variety  of  vasomotor  aSections  iDVolving 
local  aapbyxia. 

ANEURISM, 

Aa  a  rule  I  have  found  the  blood  entirely  normal,  but  in  the  fol- 
lowing case  it  might  have  thrown  light  on  the  diagnosis.  A  patient 
was  recently  admitted  to  the  Massachusetts  General  Hospital  with 
an  acute  idTei^tion  of  tlie  chest,  Rup)Hi.4ed  tu  be  pnennionia  in  8i>it«  of 
the  slightness  of  the  fever  and  the  irrcgtilarity  of  the  physical  sigiia. 
At  autop.sy  a  ru]ttun-d  aortic  aneurism  was  found.  The  blood  count 
had  showed  3,:t:M,000  red  cells,  20,800  whit«,  and  3.1  per  ( 
'  Ikrlhicr  kiln.  W.>rl.,.  INHi,  p  4^7 
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haemoglobin.  The  low  percentage  of  haemoglobin  and  red  cells  was 
really  inconsistent  with  an  acute  pneumonia  in  a  man  previously 
well,  and  might  have  hinted  strongly  toward  the  correct  diagnosis 
had  attention  been  directed  more  carefully  to  the  blood.  After 
gelatine  injections,  leucocytosis  always  appears. 

DISEASES    OF    THE    KIDNEYS. 

Many  factors  other  than  the  disease  itself  may  influence  the 
blood  of  nephritic  cases.  For  instance,  in  scarlatinal  nephritis  the 
long-standing  leucocytosis  is  probably  due  largely  to  the  scarlatinal 
poison,  rather  than  to  the  nephritis.  The  occurrence  of  large  quanti- 
ties of  blood  in  the  urine  has  the  same  influence  as  any  other  hem- 
orrhage upon  the  blood. 

(Edema  as  such  has  apparently  very  little  effect  upon  the  blood, 
but  the  loss  of  albumin  in  the  urine  tells  both  on  the  corpuscles  and 
on  the  serum,  thinning  both  with  consequent  lowering  of  the  specific 
gravity  of  the  blood. 

ACX'TE  NEPHRITIS. 
/.   Red  Cells  and  HtpmoglMn. 

AVhether  largely  from  the  loss  of  blood  from  the  kidneys  or  from 
other  causes,  the  red  cells  are  often  much  diminished,  but  the  hae- 
moglobin suffers  still  more. 

H  iVMOO  LOBIN  i:  UI  A. 


Age. 

Red  t-ells. 
3,428,000 

White  cells. 
14,300 

Percent 
bsemofrioblD. 

Remarlu. 

31 

40 

With  a>sophageal  symptoms. 

Laache  re])orts  an  average  loss  of  nineteen  j>er  cent  of  the  red 
cells  and  twenty-six  per  cent  of  their  coloring  matter. 

Hayem  found  no  considerable  loss  of  i*ed  cells  unless  the  urine 
was  hemorrhagic.     The  following  cases  illustrate  his  results : 

Case  I. — Acute  nephritis,  ending  in  recovery. 

Red  cells. 

March  17th,  1882 3.069.000 

March  31st.  1882 2,759.000 

April  7th,  1882 2,821,000 

May  1st.  1882.  albuminuria  ceased. 

May  17th,  1882 3.038,000 

May  31st.  1H82 3.689,000 
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Case  II. — Acute  (puerperal)  nephritis;  recovery. 

Redoella. 

April    6th,  1881 2,945.000 

-      9th,1881 2.976.000 

**    12tb,  1881,  no  albumin  in  urine. 

*•     18th,  1881 3.137.500 

"    20th.  1881 3.310,000 

Cash  III.  — Nephritis  (chronic?)  with  hsematuria. 

UtHi  cells 2.821,000 


(It  should  be  noted  that  Hayem's  counts  are  low  on  the  average, 
and  the  instrument  used  by  him  was  not  very  reliable.) 

Grawitz  in  acute  nephritis  records  3,400,000  red  cells  at  the 
beginning  of  the  third  week,  and  3,100,000  ten  days  later. 

Koblank'  counted  5,168,700  in  a  case  of  acute  nephritis  with 
oedema. 

Sadler  {lor.  rit.)  in  six  cases  of  acute  nephritis  found  in  two 
cases  3,590,000  and  2,262,000  red  cells;  in  the  other  four  practi- 
cally normal  counts. 

Table  LIL— Acute  NEPHRms. 


Per  <"ent 

ar**. 

Sex. 

Red  c^ellii. 

White 

tuemo- 

RemarlM. 

a      • 

cells. 

fiTlobtn. 

• 

18  mo8. 

36,000 

•    • 

Parench  vinatou.s. 

56 

F. 

22,000 
14.000 

•    • 

Tenii>eratiin'.  102.5'. 
Sixth  day. 

11,900 

•  • 

Ninth  day,  temperature 

falling. 

12,200 

•   • 

Nineteenth  day. 

54 

•  • 

16.K50 

70 

24 

*  • 

4,020.000 

14.000 

60 

11 

F. 

4.068.000 

14.000 

52 

45 

M. 

3.532.000 

13.200 

43 

40 

4,880.000 

12.7(K) 

65 

40 

12.600 

75 

13 

F. 

12.0<H) 

11 

•   • 

11.800 

70 

23 

M. 

11.7(K) 

50 

3.-) 

11.500 

85 

24 

F. 

11.100 

85 

•   • 

5.228.000 

10.8(K) 

50 

a3 

M 

3.904.000 

9.300 

50 

Purpura  also. 

22 

M. 

4.:^(KK(KK» 

8.300 

48 

22 

M. 

7.600 

60 

44 

F. 



7.500 

65 

Inaug.  Dissert.,  Berlin,  1889. 
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Table  LIL— Acute  Nephkitis  (Coutintted). 


Age. 

Sex. 

"m. 

•  • 

•  • 

•  • 

M. 
F. 

•  • 

•  • 

Red  cells. 

Wblte 
cells. 

Per  cent 
bflemo- 
fjTlobln. 

Remarks. 

87 
25 
55 
20 
20 
23 

20 
39 

i'osd.obb 

5*006.000 
4,044,000 

4,090.000 
3,753,000 

6.800 
6.600 
6.200 
6.200 
6.000 
5,400 
5.100 
5.100 

78 
40 

•  • 

58 

•  • 

55 
65 

Parencbyinatous. 

Parencliytnatous. 
Acute  parenchymatous. 

Acute  parenchymatous. 

In  none  of  the  few  cases  examined  at  the  Massachusetts  General 
Hospital  were  the  red  cells  much  diminished,  but  in  two  cases  the 
haemoglobin  was  very  low,  the  color  index  being  .62  in  one  and  .61 
in  the  other. 

The  blood  plates  are  much  increased  (Hayem)  and  iibrm  is 
slightly  increased. 

2.    White  Cells, 

Leucocytosis  is  usually  stated  to  be  the  rule,  lasting  often  for 
weeks  at  a  time  and  gradually  diminishing  in  convalescence. 

Hayem  gives  counts  of  14,973,  12,400,  15,000,  and  13,000. 

Koblank  (/w.  riV.)  and  Grawitz  each  in  a  single  case  found  nor- 
mal counts  (7,;^00  and  5,600). 

Sadler  found  an  increase  in  only  one  of  his  six  cases,  and  then 
the  highest  point  reached  was  13,312. 

Of  the  twenty-six  cases  of  Table  LII.,  leucocytosis  was  present 
in  seventeen,  in  one  of  which  it  was  followed  for  three  weeks  and 
still  persisted ;  but  it  is  my  own  belief  that  the  leucocytosis  of  acute 
nephritis  is  due  either  to  loss  of  blood  by  the  kidney  or  to  ursemia. 
When  these  conditions  have  been  absent  I  have  not  found  any 
leucocjrtosis. 


CHRONIC  DIFFUSE  AND  CHRONIC  PARENCHYMATOUS 

NEPHRITIS. 

Red  Cells, 

In  advanced  stages  the  counts  may  run  very  low,  but  more  often 
it  is  chiefly  the  haemoglobin  that  suffers  through  the  drain  of  albu- 
minoids from  the  blood  into  the  urine. 
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Hayeni  gives  the  following  figures : 

Case  1. — Chrouit  parenchymatous  nephritis. 

Red  cellK.    Per  cent  bsmoirloUiu 
Juiie  20tli 4,809,000  4« 

July  4th  4,216,000  44 

OctoXwT  18tli 2.945,000  84 

Case  II. — Same  diagnosis. 

Red  cells.    Per  cent  bemoglotlB. 
March    ttth 2,ttl9.500  86 

8th 2.«86,500  36 

•*       28d 2,464,500  27 

Koblank  (loc.  cit,)  in  the  same  disease  found  3,291,700  red 
cells  in  a  single  case  with  much  cedema. 

Reinert  found  4,050,000  with  aO  }>er  cent  of  hiemoglobin  and 
3,604,000  with  62  per  cent  of  haemoglobin. 

Sadler:  „  .    ,, 

Red  cells. 
Casi'  1 4,120,000 


u       o 


2.405,000— November  19th. 
A  l.KKMKW-JanuHry  14th. 
(  1, 500,(KK)— January  17th. 


•  1  * » 


*•     3 4.8(K),(HK) 

"     4 4,8(K),000 

(8,787,500— June  28th. 

"    5 ]  8,593.700— July  3<i. 

(  2.187,500— August  15th. 

i  8,2(M),000— July  7th. 

"    6 -  3.257.000— .Till V  22<i. 

f  8.137.(HK)— Auirust  21st. 

Grawitz  in  an  acute  exacerbation  of  a  chronic  ])arenchymatoas 
nephritis  found  1,928,000  red  eells. 

The  Massachusetts  (lentM-al  Hospital  eases  show  a  considerable 
aiueniia  in  nine  out  of  tht*  thirty-six,  or  one-quarter  of  the  series. 
Great  eoncentration  is  probably  the  cause  of  the  vi»ry  high  counts  in 
certain  castas.  The  majority  of  cases  arc  not  far  Iroiii  normal  so  far 
as  the  numlxu-  of  red  cells  goes,  and  the  haemoglobin  is  also  very 

little  diminished. 

CuHONie  Nkchiutih. 

R«^l  cellii.  Cases. 

IMwe<*n  l.«KK).(M)0  and  2,(KK).000 1 

2.<KM),(KK)    ^     3,(KI0,000 2 

3.<KM).(MM)    "     4.<MMK(MM) 11 

4.<HM».<MH»     -     .VCMMJ.CKH) 13 

"  .%.(HM>.(MM»     **     «.(HH».000 6 

"  ♦i.lMMJ.IHM)     •*      7.<KM).<KK) 8 

('nlnr  irnli'X  aveniires  alM)Ut  .7.  36 
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miite  Cells. 

Hayem  records  25,000,  19,000,  13,000,  10,000,  and  6,000,  and 
concludes  that  the  counts  vary  much  not  only  in  different  cases,  but 
in  the  same  case  at  short  intervals. 

Koblank  found  14,700  in  a  single  case. 

Sadler  in  one  case  foiin<l  6,300  in  November  and  16,000  in  the 
following  Janiiaiy;  12,000  in  another  case;  8,800,  7,700,  and 
1,916  in  others. 


Tablk  LIU..  A,- 

Counts 

IN  CiiHONic  Nephritis  with  Uremia. 

A(t». 

Sei. 

Red  Mils. 

wu..« 

Per  rent 

hSNItO- 

kIoMd. 

.^.^ 

82 
sr, 

29 
81 
29 

sg 
&^1 

»ri 

18 

49 
«t 
8« 

2r> 
ao 

38 

88 
4.1 
B!i 

a- 

15 

2r, 

" 

28 
B8 
68 
60 
ID 

"2 

63 

F. 
F. 

M. 

F. 

F. 

F. 

M- 
M. 

M. 

F. 
M. 

■■ 
M. 
Jt. 

F. 

Si. 

4.096,bbb 

4,184.000 
3,330.000 

.vi3fl.bbb 

4.'6.W.000 

3,604.000 

2.'866.bbb 

s,'iw.bbb 

:::::::: 

44,000 
25.000 
0.000 

aa,6oo 

20.400 
18,900 
18,850 
1^,600 
18.000 
1.1,800 
18,100 
16.800 
17,800 
17,450 
16.800 
W.-SOO 
16.300 

16,200 
M.HOO 
l.-.,NO0 
l.-.,000 
13,300 
1. '1,000 
15,100 
14,300 
14.200 
18,800 
13,400 
12,800 

13,500 
12,400 

12.400 
12,300 
12.200 
12,100 
11.900 
11.400 

80 

60 
18 
81 
52 

m 
rj) 

70 
44 

«0 

3.5 

■■ 

Edaiiipsia, 
C\.nw  flrsl  day 
Clear  twoiflli  ilay. 

Tempimture.  102.5'. 

Polyn.Klear,  83J. 

Coma  five  weeks  after  miscarriage. 

NovciulMr 2lBt,  ortcrio-sclerosla. 

j;oveiiil)t'r  28d. 

DeceinlKT  2<l. 

January  4th. 

Eclampsia. 

Chrunic  'liffusc. 

Polymirlc-ur,  86.7*, 

Lvniph.>cvles,  13.8. 

Nil  uuclcHtKl  nids  iir  defonnity. 

<-|.n.nir  .lilTi.s.-. 

TliftiTi-nti.'i  cnimt  normal. 

Chronic  diffuse,    Eclainpda, 

Chronic  diffuse.    Died  in  one  month. 

Polynucit^r,  77<. 
Eosinnpliiles  =  0. 

CLroiiic  .liffuw, 
InKTfitilial.     Asthma. 
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Table  LIIL,  A.— Cwstb  is  Chhomc  Nephritis  with  Vr 
(Con(inu<rf ). 


Ate. 

Sex. 

BcdmlU. 

www 
oelli. 

Pw<*ni 

Rrnurki. 

44 

M 

11.800 

31 

M. 

11,200 

S.800 

SS 

44 

8.400 

100 

81 

2.noo.ooo 

7.S00 

80 

40 

F 

84 

80 

M. 

4.300 

'  Parexchtnatoub 


Aire. 

sai. 

Wblu  i«iib. 

Age. 

9m. 

WWIPWlto. 

Abp. 

Sei. 

wmwrrtKL 

20 

24.71X1 

17 

M 

10.400 

2« 

1» 

7.600 

Vi 

38.-'00 

10.3110 

7.600 

SI 

lU.OOO 

4.1 

P 

10.*  10 

17 

M 

7.500 

M 

la-wo 

20 

10.200 

nn 

M 

7.400 

ni 

IS.  OIK) 

«8 

10.100 

84 

M 

7,*I0 

if. 

t«.a(K) 

lO.OOO 

h" 

7.800 

11 

!6.l(()0 

AO 

10.1(00 

211 

7,800 

m 

i^aw 

■M 

P 

10.000 

SH 

7.IHW 

48 

14,.tOO 

O.WN> 

4« 

7,1100 

It) 

u.axi 

fto 

tt.nNi 

4) 

M 

6.MINI 

Ml 

K 

U.IKKI 

m 

ll.OIXI 

H 

M 

6.NIXI 

m 

M 

14.INK) 

!U 

F 

O.IHHI 

« 

TH 

8..'i00 

18.KKI 

JW 

M.MIXI 

8ft 

M 

n.rnu 

« 

M 

liJ.IMKI 

JM 

H.TIKI 

7 

M 

6,400 

It 

M 

I8.IN)() 

4ft 

8,800  A)>riir>iti 

1  20 

6,a.-Hi 

i» 

la.NOIiApriUili 
13.e«0A|.ril«tl. 

la.ooo 
April  Uth. 

i; 

,'t..'iOII 

»l 

IS.-HIO 

April  eUi.illc<l 

tl.3<NI 

ff 

fi.llNI 

18 

V 

V1~M 

JW 

cam 

flo 

M 

•MKN) 

4H 

1I.21KI 

Ifl 

N.IIHI 

i.MH} 

8S 

M 

ll.SKI 

■>rt 

H.imi 

»0 

M 

4,SIM) 

111 

n.ixi'i 

M 

T.tKMI 

M 

8.rHN) 

47 

K 

HI.NKI 

u 

M 

7.7.->ll 

8.-. 

l,4<H) 

■W 

M 

lO.T'KI 

1.-. 

7.:(Ml 

The  Maine  wiile  raiifjc  is  seen  in  Table  Ldl.,  A  and  H,  in  whirh 
I  have  dividt'd  tlic  uremic  ami  tin-  ixiii-ura'iiiin  Cii.scs  int"  scpurate 
tables.  It  will  be  seen  from  these  that  thirtj-fmir  out  of  furty 
iineiiiic  easf'M  shuwi-d  ieiioix-jto-sis,  while  thirty -nine  out  of  ^ixt)-- 
niiif  non-iint'iiiii'  ca.w.s  shnwed  mi  leiicix-j-tfws.  It  is  ditlirult  to 
SupjKise  that  this  is  nu-iv  cuiiK-idence. 
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CHRONIC  INTERSTITIAL  NEPHRITIS. 

Hayem  found  the  fibrin  more  increased  in  this  form  of  nephritis 
than  in  any  other,  and  the  ansemia  less  pronounced. 
Grawitz  distinguishes  two  stages : 

I.  As  long  as  the  heart  is  strong  enough  to  overcome  the 
increased  resistance  at  the  ]>eriphery  and  the  disturbances  of  circu- 
lation are  not  marked,  the  blood  is  normal. 

II.  When  compensatory  hypertrophy  is  no  longer  sufficient  to- 
do  the  work  of  forcing  the  blood  tlirough  the  system,  the  usual 
effects  of  failing  compensation  (see  Heart  Disease,  page  320)  appear 
(dilution  and  subsequent  concentration  of  the  blood). 

The  white  cells  are  normal. 

Table  LIV.— -Ciiromc  Diffuse  Nephritis;  No  UitAMiA. 


A«e. 

Sex. 

•   • 

Red  cells. 

White 
cells. 

Percent 
tuemo- 
fflobin. 

Remarks. 

20 

3.492.000 

39,000 

42 

With  brouchitiR. 

26 

«   • 

3,500,000 

26,800 

60 

With  acute  articular  rheumatism. 

36 

•  • 

2,560,000 

16,100 

a5 

April  14th. 

12.400 

20 

April  80th. 

8,900 

•  • 

May  Ist. 

37 

3,144.000 

16,000 

40 

11 

3.660,000 

15.600 

52 

83 

3,568.000 

14,600 

45 

22 

4.272,000 

14,400 

45 

Sub-acute. 

19 

5,864,000 

14,800 

65 

Amyloid  liver  and  spleen.  February 
12th. 

6,092,000 

13.700 

•  • 

Prom  ear. 

5.740,000 

13,700 

•  • 

From  finger. 

24 

•  • 

3,824.000 
4,268,000 

11,400 
13.600 

55 

16 

3,724,000, 

11.300 

45 

ai 

8,164,000 

10.600 

50 

Tertiary  syphilis. 

42 

4,228,000 

10,100 

65 

CEdema. 

19 

8,776.000 

10,000 

56 

Cardiac  hypertrophy. 

28 

4,560,000 

10.000 

4,5 

47 

4,450,000 

9.800 

60 

. 

21 

4.080.000 

8,600 

70 

42 

3.416.000 

7.000 

55 

55 

4,360.000 

6.300 

50 

Ascites. 

24 

4,800,000 

5.700 

65 

26 

1,468,000 

.3.800 

23 

Poly  nuclear,  10%;  lymphocytes,  28jf; 
large  lymphocytes.4.45(;  er>fiinophilcii, 
2.6;#:  reds,  niegaloblasts.  8:  normo- 
MuHts.  2;  microbhists.  1.  ConsldiT- 
abh'  variation  in  size:  many  oval 
fonns;  considerable  poik{lrx;ytf>fis. 
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Table  LIV. — Chronic  Diffi'se  Nephritih;  No  Ur.emia 

iContinuid). 


Agf. 


Sex. 


86 


Red  cells. 


i.iae.ooo 


1.752.000 


2,24«.000 


2,540,000 


8,392.0(M) 
8.580.000 


5,060,000 


White 
cells. 


5.800 


Percent 
baenio- 
fflobfn. 


19 


22 


80 


48 


60 
65 


75 


Remarks. 


Polynuclears.71.8jf ;  lyiiiphocytes.24.2«f 
large  lymph()cyte8.2.2;»;  eosinophik^a, 
1.25?:  mvclucytes,  6;  uu'galolilastM.  6 
uorinohlastH,  3.     November  5th. 

Polj'nuck*ttr8.  69. 4;?:  lymphocytes 
2.). 2*?:  hirge  lymphocytes.  8.H^;  tH> 
sinopliiles.  1.6^;  megaloblasts.  4 
noniH)bla8ts.  2.     November  18th. 

P<  )ly  n  uc lea rs.  65 .  4^ ;  ly  m  p hoc^'  t  es.  285f 
hirge  lymphocytes.  8^;  eosmopliiles 
8.4v';  l)a.sophiles.  2:  megaloblasts.  1 
normoblasts,  0.     Noveml)er  i:Oth. 

Polynuclears,  70.2^:  lymphocytes.  28-; 
large  lymphocytes. 2.6^;;  eosinopliiles, 
8.4;^;  liasophiles.  .8^.  Ke<l  variation  in 
size  and  shape  less  marked.     Megalo- 
blasts.  1.     November  27th. 

DecemlHjr  6th. 

Polynuclears,  79^ ;  lymph<K\vtes.  17.6^; 
large  lymph(K\vU»8.1.8ff:  eosinophilcs, 
1.6^.  Ketls  stain  well;  slight  poiki- 
hnytosis  and  variation  in  size:  no 
nucl(»at<Ml  reds. 

Hemorrhagic  nephritis. 


Table  LIV.,  A. — Chronic  Interstitial  Nephritis. 


o 
as 


1 
2 
8 
4 
5 

6 

7 
8 
9 

10 
11 
12 
18 


Sex. 


Age. 

29 

89       M. 

F. 
68 
Adult  M. 


22 
46 
47 
20 


M. 

•   • 

M. 


84  F. 

69  M. 

82  M. 

60  I    .. 


Red  cells. 


White 
cells. 


6.040.881 
4.548.000 
8,872.000 
4,244.000 


28.700 
19.000 
15.  (KM) 
14.000 
12.000 


5.020.000  11.200 
9.724 
7.800 
6.000 


4.088.000 
?,  536. 000 


8.300 
8.500 
6.0(M) 
5.9(N) 


Percent 

htt*iii<>> 

irlobln. 


65 
80 
50 
55 
67 

50 

66 
52 
57 
87 
65 


Remarks. 


Unenuc  coma:  moribund. 
Unemic:  mitml  stenosi.^. 
General  paresis. 

Three  and  (me-half  hours  after 
meal. 

Unemic :  moribund. 

Manh  28<1. 
March  30th. 


With  mitral  disease. 


STONE  IN  THE  KIDNEY. 
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PYELONEPHRITIS. 

Table  LIV.,  B,  speaks  for  itself.     The  ancemia  is  often  severe 
and  leucocytosis  is  the  rule. 


Table  LIV.,  B. — Pyelo-Nephritis. 


• 

Age. 

Sex. 
F. 

F. 
M. 

F. 

•   • 

Red  cells. 

White 
cells. 

Per  cent 
b»mo- 
fflobin. 

1 

2 
8 
4 
5 

24 

26 
33 
26 
40 

3.056.000 
2.976.000 
2.696.000 
3.272.000 
4,200.000 
4.536,000 
2.356.000 

21.200 
15.200 
18.800 
25.200 
16.800 
15,550 
7.280 
6.800 

41 
38 
33 
33 

36 
65 

•   • 

Remarks. 


March  10th.     Unemia. 
March  18th. 
March  27th. 
April  14th. 

Perinephritic  abscess  too. 
Cystitis  also. 
Cystitis  also. 
Pyelitis. 


Table  LIV.,  C— Cystic  Kidney. 


• 

Age. 

Sex. 
M. 

Red  cells. 

White 
cells. 

Per  cent 
hsemo- 
globin. 

Remarks. 

1 

55 

3.664.000 

6,400 

•  • 

Adult  cells,  72  per  cent.    Supposed 
cancer.     Enormous  firm  tumor 
on  each  side.     Autopsy. 

The  eases  recorded  in  Table  LIV.,  A,  are  probably  not  incon- 
sistent with  these  rules.  Of  the  seven  cases  with  leucocytosis  three 
were  ursemic,  and  in  a  fourth  the  influence  of  digestion  is  seen. 
The  haemoglobin  is  lower  than  we  should  expect  from  Grawitz's 
account. 

Urcpmia,  it  would  appear  from  these  tables,  may  cause  leucocy- 
tosis, or  at  any  rate  is  not  infrequently  associated  with  it.  Aside 
from  uraemia  and  hemorrhage,  nephritis  probably  does  not  cause 
leucocytosis. 

STONE  IN  THE  KIDNEY. 

(See  Table  LV.,  A.)  The  state  of  the  blood  depends  on  the 
amount  of  ulceration  caused  b}-  the  stone ;  when  this  is  considerable 
we  have  leucocytosis. 
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Table  LV.,  A.— Stuke  is  thk  Kidney. 


H«4ailb.     WlillFntllA.     tiwiw- 


23.  BOO 

I6.3WI 

I6.5U0 

10.800 

is.aoo 

4.830.00( 

I4.T.W 

12,000 

10.300 

4.1«0,00( 

0.000 

8.000 

5.6M0.0« 

aooo 

4.840.00( 

a.ooo 

e.ioo,oo( 

IB.NW 

3.048. 0(H 

T.noo 

7.500 

4.080 

August  lOtli. 

AuguRt  12th.     Pain  gone. 

Hiicli  pus  in  urioe. 


Urio-actd  Bione  passed. 


J)l'i//tto»tir    Vitlite. 
Cancer  would  also  cause  leucocytosis,  but  would  not  increase 
fibrin  as  a  rule,  while  most  (tases  of  stone  with  ulceration  do  increase 
fibrin. 

F[J>ATIN'G  KIDNKY. 
■|"he  blood  is  normal.  This  fact  has  some  diagnostic  value;  for 
exiuiijilt',  when  we  confomid  at>]>eudiciti.s  with  ti'iating  kidney,  as 
has  Ix-en  done  (see  i)age  :J47).  The  i»resencc  of  knuocytosis  ex- 
I'hidfs  ihe  latter  and  favors  the  toniier.  Most  tunmrs  or  abscfsst-s 
with  which  a  floating  kidney  might  be  confused  i-ould  be  distin- 
giii.shed  by  the  same  criterion. 

Tabi.b  IA'.,  B.— Fm>atin<i  Kirnkv. 


« 

»l-t. 

ltwlrHI>. 

Whlli-  celta. 

IVtmi. 

Kl'>Mn. 

B«ii»rkii. 

*' 

4.BS0.00O 

1T.4<HI 
:<i.:ii)(i 

ai.Hoo 

4.'i 

April  4Ili. 

Aiiril  »Ih. 

April  ir,th.  Dfff.  ...unl  300,  Poly- 
iiui-lcnr.  fl7  per  •■<-nt :  umall  lym- 
|ilio('vtcB.  7:  largf  lytnpluKyu-fl, 
.V-l:  fO»in.)|>bll.-s,  .:.;  reds  aver- 
ii^ffuei  very  fi-w  pnikiliicyieg. 

BRONCHITIS. 
Table  LV..  B.— PixtATixo  Eidxet  {(hntitmr^. 


£ 

AflB. 

Set. 

Bfdwtta. 

w-biw-fliv 

rvrn-nl 

hnn.- 

«,».«. 

12 

n 

44 
87 
41 
■it 
117 
•ii 

43 

34 
SS 
24 

F. 
P. 
P. 
F. 
P. 
P. 
F. 
P. 
P. 
F, 

4,4?-2.U00 

.■i.i»«',()66 

4.6»4.(M)0 


5,400.000 
4,700,000 

4.418,066 

11.800 
11.200 

B.aoo 

9.IKM 
8.100 
«.0(K) 
6.000 
2.400 

"  ri.soo* 

7,  BOO 

IK 
70 
7.1 

7ri 

ItO 
76 
", 

HO 
07 

Ihmble. 

AuciiriBDi  til  nrrli  alsii. 

A  laxge  number  of  similar  counts  might  be  quoted. 
IIYDROSEPIIROSIS. 
Table  LVI..  C— Hvoronephromb. 


4.010,000 

6,496.000 


OpcnilloD.    Congenital. 


PYONEPHROSIS, 

Case  I.— Ffmale,  36;  leucocytes,  16,200,  of  which  86  per  cent 
are  neutrophileii.     Half  a  pint  of  pus  found  at  operation. 

Case  II.— July  tioth— Ked  cells,  »,«r)0,000;  white  cells  9,800) 
hsiuoglobin,  4't  per  cent.  July  9th — Ked  cells,  ;i,4o0,000;  white 
cells,  9,000;  hamoglobin,  55  per  cent.  August  3d— White  («11«, 
6,650.     August  6th— Opeiation.     Pint  of  foul  pua.     Death. 

DISEASES   OF   THE   LUNOB. 
BRONCHITIS. 
"Acute  catarrhal  and  chronic  iiurulent  bronchitis  have  rela- 
tively little  leueocytosis  in  most  cases  "  (v.  Limbeck). 

Except  for  this  and  a  few  other  passing  references,  tliere  is 
hardly  anything  in  literature  on  the  blood  in  bronchitis,  so  tliat  I 
shall  l>e  fdi-ced  to  ba-si*  my  Ktatj'mcnts  cbieffy  on  the  few  counts 
recorded  at  the  Massachusetts  (icneral  Hospital. 
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ACUTE  BRONCHITIS. 

Aside  from  "capillary  bronchitis,"  eases  are  not  infrequently 
seen  in  which  the  signs  are  simply  those  of  general  bronchitis  of  the 
finer  tubes,  yet  the  symptoms  are  much  moiv  like  pneimionia. 
Whatever  may  be  the  real  conditions  in  the  lungs  of  such  patients, 
their  blood  is  not  infrequently  exactly  like  that  of  pneumonia  and 
does  not  help  at  all  in  the  differential  diagnosis  between  the  two 

« 

disease  (see  Cases  1  and  2,  Table  LVI.,  A). 


Table  LVI..  A. — Acite  Bronchitis 


Percent 

Age. 

Sex. 

Red  cells. 

While  cellii. 

hienio- 
globin. 

Remarks. 

75 

5,808,000 

45,000 

58 

26.400 

•  • 

Founh  dav. 

6H,H(K> 

•   • 

Eleven  til  (lay ;  dietl. 

70 

F. 

4,420,000 

41.000 

70 

56 

F. 

4.800,000 

26.000 

65 

TeiiiiHTature,  108  . 

6 

26.000 

•  • 

Whooping  cough. 

28 

25.900 

67 

Teniperaturt*.  \h\\ 

17.  KM) 

•  • 

Fourth  day ;  well. 

82 

•  •    « 

25.750 

•  • 

Subacute:  temperature,  99'. 

84 

28.500 

80 

With  enteritis;  t4*mperature,  103*. 

22 

M. 

28.450 

67 

Temperature,  101  . 

21 

22.200 

• 

Temiwrature.  101  . 

7 

21.2(H) 

•  • 

Temperatun*.  108  . 

58 

20.4<K) 

44 

5, 660,  bob 

20.100 

58 

Temperature.  108  ;  asthma. 

81 

19.  KK) 

•   • 

TemiH'rature.  100  . 

8 

19.0(K) 

.  , 

Temi>eratun*,  99.5  . 

86 

19,(KK) 

•   • 

TenqK'i'ature.  98  . 

50 

17.200 

62 

Subacute. 

42 

17.0<Ml 
15.000 

•  • 

•  • 

First  (lay ;  temperature.  100  . 
Four  (lays  later,  temperature.  98*. 

88 

•  • 

15.I(N) 

•   • 

Temperature.  108  . 

41 

F. 

4,1«J,000 

15.(MM) 
11,300 
17.6<H) 

65 

•   • 

XovrmlK'r  5th. 
Novcmlier  16lh. 
NovemlKT  25tli. 

55 

. . 

15.00O 

•   • 

Sul>acute:  tcinperatun-.  100\ 

26 

M. 

14.2<M> 

70 

Tcmpemture.  101.5  . 

22 

•  • 

18.800 
16.8(M) 
16.400 

60 

Tem|M*ralure.  102  . 
Thirtl  (lay. 
Sixth  (lav. 

55 

•  • 

18,000 

Temperature,  lOO  . 

5 

•  • 

18.0<M) 
12.600 

ii.:ioo 

6.(M)0 

Temperature.  102.5  . 
Thin!  day:  temperature.  lOr 
Sixth  (lay;  temperatun-.  100. 
Eleventh  (lay  ;  temperature.  98\ 

2:5 

•  • 

12.<J00 

Temperature.  101.5 

80 

•  • 

12,000 

65 

Tem|H'niture.  102  . 

28 

F. 

6,i^.bbb 

12.000 

•   • 

ACUTE  BRONCHITIS. 
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Table  LVI.,  A.— Acute  BRONCiin'is  {Continued). 


Age. 

Sex. 

46 

M. 

18 

•  • 

20 

M. 

40 

M. 

81 

•  • 

69 

•  • 

42 

M. 

50 

F. 

50 
88 
48 
25 
52 
25 
56 
86 

48 
29 


M. 

M. 
F. 
M. 


M. 


Red  cells. 


5.260.000 
M.  :  5.952,000 


4,892,000 


Per  cent 

White  cells. 

hsemo- 

flTloblD. 

11,800 

•   • 

10,800 

• 

10,eK)0 

65 

10,800 

•   t 

10,2(K) 

«  • 

9.400 

a     • 

9,300 

8.000 

72 

7.900 

50 

7.800 

.  . . 

7,800 

. . 

7,200 

• « 

7,000 

70 

7.000 

74 

6.800 

6.000 

72 

8.600 

•  • 

5.900 

•  • 

4.000 

80 

Remarks. 


Temperature*.  104  . 
Teiiiperaturt*.  102  . 
Temperature.  104  . 
Temperature,  lOT. 
Temperature.  102'. 
Temperature,  lOr. 


Temperature.  99\ 
Temperatun*.  102\ 
Temperatun*.  KKF. 

Temperature.  108*. 


October  8lHt. 
November  8(1. 
Temperature, 
Temperature. 


102'. 


Table  LVI.,  B. — Chronic  Bronchitih. 


o 
2 


1 

2 
8 
4 
5 

6 

7 

8 

9 

10 


Age. 


51 
24 

Adult 
68 
48 

64 
62 
65 
60 
48 


11      74 


12 


21 


13  61 

14j  24) 

15'  18 

16l  26 

17  •>9 

18.  2ii 


8ez. 


M. 
M. 


F. 


Red  cells. 


3,680,000 


5.884.000 


M.    4.800.000 

F. 

M 

F.  I  4.700,000 
F.  !  4.1iJ0.(J00 
M. 


White 
ceils. 


88,000 
29.500 
18.500 
16.400 
15,000 

15,000 
14.800 
12.900 
10.500 
11.000 

8.900 
8,800 

8,000 
7,925 
7.792 

6,700 
5.500 
5.062 


Per  cent 
hemo- 
globin. 


68 


78 

68 

78 


70 
61 


RemarlLs. 


With  emphysema. 

Chronic  febrile,   with    laryn^tis. 

Ilecxivery. 
Temperatun*.  98. 6\ 
TemJN*reture.  100";  with  aithma. 
Fibrinou8. 

Temperatun*.    98';   cbrooic  with 

emphyHema. 
Tem|M*rature,  98'. 
OmMtirmtiou:    neurastheoia ;   two 

wiifKH  afebrile. 
Five  monthH. 


Keratitis,      conjuuctiritii. 

MymptomK. 
AMthma. 

Kmpyenia  of  the  antrum. 
'Ow  fiionth. 


No 
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Ill  the  majority  of  aeute  cases,  however,  tho  blood  ahoirs  i 
changes  unless  coucentration  due  to  cyanosis  be  iireseiil. 

In  chronic  cases  (Table  LVI.,  B)  leucocytosia  is  very  unco 
more  so,  I  thiiik,  than  tlie  table  reiire.sents.     If  more  counts  wet 
added,  nearly  all,  I  think,  would  be  normal. 

The  red  cells  ami  hipnioglobin  show  no  changes  to  spealc  of  i 
either  afute  or  chronic  cases. 

The  blood  has  no  diagnostic  value  so  far  as  I  know  except  thai 
when  pneuntoiiia  is  in  question  a  normal  eouut  of  whit«  (vlls  siwal 
against  it  and  in  favor  of  bronchitis.     If  eju]>hyseuia  is  also  present  1 
it  sometimes  produces  a  condition  of  the  blood  different  from  ChafeV 
in  simple  bronchitis. 


EMPHYSEMA  AND  ASTHMA, 
(Irawitz  rt- ports  an  increase  in  the  iiunil>i'r  u 


f   ird   <:ells 


I 


jiAi/smna,  which  he  believed  to  be  due  to  eyanosiK,  and  this  OOVSmI 
lip  the  rejiUy  aiiieniiu  eimdition  of  the  blooil  <if  many  patients. -f 
Practically  tlie  same  conditions  are  present  a^  in  the  cyauu 
of  heart  diseasn  (see  pa^**  -t^)  and  the  concentration  of  the  blood-l 
ia  brought  abenit  in  the  same  way.  Lcichtenstem'  noticed 
diminution  in  hieinoglobiii  at  the  time  when  the  heart  first  faiU^  J 
due  prolwbly  to  the  diminished  blood  pressure  which  allows  1 
lymph  from  neighlKiring  tissuea  to  flow  into  the  ves-wls  and  dilatoj 
the  blofKl. 

In  iNitli  asthma  and  emphysema  it  has  beeu  noted  by  MulIer,*'J 
(iollasch,'  (.iabritschewsky'  and  others  that  eininoji/iitea  are  v«(yJ 
numerous  in  the  sputum,  and  Fink'  also  not«d  an  increase  of  thtfl 
same  cells  in  the  blooil,  ninning  as  high  as  14. fi  jx'r  cent  ittsteatlV 
of  the  Doi-mal  one  t*i  two  per  ct-nt.     This  increase  is  present  od]j^  J 
at  the  time  of  the  paroxysm  and  for  a  short  time  before  aiid  H 
it.     Von  Noorden  found  in  one  case  25  per  cent  of  eosinopliih 
during  an  attack,  and  a  few  days  lat«r  could  discover  but  one  cosin 
ophile  in  twelve  cover  slips.     In  another  case,  after  five  attacks  a 
sucoessive  days,  tlie  eosinophilea  were  .'W  ](er  cent.      Hillings'  reports  I 
the  following  counts : 

'"I'elHTiliw  Hh  ()cli«Uiii!(  Hhites."  rtc,  Lrip/ig.  |H7». 

» Rcf  iu  Fink,  "  R'Urilp'  r..  Ke/inl.  dcs  Eltere. "  Dissert-.  Bonn.  1880. 

•  Fon»cUritii-  (icr  Mul..  188B. 

*Anh.  f.  cxp.  Fsil.  und  Phami,.  IHW.  p.  «a. 
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Red  cells 

White  cells 

Hcemoglobin 

Poly  morp  honuclear 

cells 

Lymphocytes  (small) . . 
Lymphocytes  (large)  . . 
Eosinophiles 


January  26th. 


8.911.000 
8.800 
68    per  cent 

86 

6 

5.2  " 
68.61  " 
Few  normoblasts 


February  4th. 


4,221.000 

7.500 

75  per  cent. 


88.2  per  cent. 


February  11th. 


4.680.000 
7,600 
86  per  cent 


88.9  per  cent 
No  nucleated 
red  cells. 


Their  presence  in  increased  numbers  before  a  paroxysm  is  said  to  make 
it  possible  to  predict  its  coming  (v.  Noorden,  Schwerskewski).  Coler 
reports  a  case  of  asthma  with  a  leucocytosis  of  52,000,  25  per  cent 
of  "which  was  made  up  of  eosinophiles.  The  case  was  complicated 
with  extensive  purpura,  painful  muscles,  and  extreme  cyanosis,  but 
microscopic  examination  of  the  affected  muscles  showed  no  trichinae. 
I  have  watched  one  subacute  case  without  well-mai'ked  parox- 
ysms or  periods  of  perfect  health.  The  blood  was  frequently  exam- 
ined and  showed  always  a  slight  leucocytosis  with  11  to  15  per  cent 
of  eosinophiles.  As  this  applies  only  to  pure  bmnehinl  asthma  and 
not  to  cases  secondary  to  disease  of  the  heart  or  kidney,  Schreiber 
states  that  we  are  enabled  to  distinguish  bronchial  from  cardiac  or 
renal  asthma  by  the  increase  of  eosinophiles  in  the  blood  and  sputa 
in  bronchial  cases,  which  does  not  occur  in  asthma  due  to  cardiac 
and  renal  trouble.     Other  records  are  (Gabritschewsky) : 

Case  L— White  cells 8,200 

Eosinophiles 10.8  per  cent 

Case  II.— White  cells 6.800 

Eosinophiles 22.4  per  cent 

Polynuolears 85  " 

Asthma. 


Remarka. 


A<?e. 

Sex. 

26 

M. 

50 

F. 

70 

M. 

29 

M. 

Red  cells. 

White 
cells. 

Percent 

haBmo- 

globin. 

5.500.000 

82.^ 

19.200 
19.800 

13.000 
9.750 

•  • 

•  • 

50 

•  • 

Fifth.  Temperature  100^  Bron- 
chitis and  emphysema. 

Seventh.     Temperature  normaL 

Typical  bronchial  asthma  during 
paroxysm. 

Chronic  asthma  and  emphysema  in 
paroxysm  ;  polynuclear  cells,  79 
per  cent. 
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For  Pneumonia,  see  page  189. 

For  Phthisis,  see  page  271. 

For  Abscess  of  Lung,  see  page  252. 


SYPHILIS  OF  THE  LUNG. 

In  a  ease  of  syphilitic  infiltration  of  the  lung  (autopsy — Drs. 
Councilman  and  Wright)  recently  observed  at  the  Massachusetts 
General  Hospital  the  leucocytes  i*ose  rapidly  from  8,700  to  27,400 
as  death  approached. 

Gangrene  of  Luno  and  Abscess. 


Age.       Red  wito. 

White  cells. 

Percent 
bfpmoirlobin. 

Remmrks. 

49    1     

89.900 

Abscess,  autopsy. 
Ak)8ce88  after  grippe. 

42    !     

22,400 

19 

18.400 

Gangrene. 

48 

16.400 

Ab8C(*s8  after  innnersioD. 

54 

15.800 
20.500 
18.800 
28.000 

First  day.    Gangrene. 
Fourteenth  day. 
Sixte<'nth  day. 
Nineteenth  <l*av. 
Twenty  first  day. 

27.000 

27,000 

Twenty -sixth  day. 

81.000 

Twenty -ninth  day. 

17,0(K) 

Tlnrtv-w*oon<l  day.     Better. 

20.  (MK) 

Tliirty -sixth  (iay. 

15.H(M) 

Fifty-fourth  day. 

50 

9.0(K) 

a     • 

Gan^H'iie. 

PART  V. 

DISEASES    OF    THE    NERVOUS    SYSTEM,    CON- 
STITTTnONAL    DISEASES,    AND   HEMOS- 

SHAGIC  DISEASES 


CHAPTER  VIII. 

DISEASES   OF  THE   NERVOUS   SYSTEM. 

NEURITIS. 

Ix  cases  of  uiultiple  neuritis,  febrile  and  apparently  of  an  infec- 
tious nature,  the  following  counts  are  found  in  the  records  of  the 
Massachusetts  General  Hospital : 


Age. 

Sex. 

•   • 

Red  cell*. 

White  celta. 

Per  cent 
baBinofirlobfn. 

Remarks. 

•  • 

4,816,000 

25,000 

42 

July  10th.    Temperature,  101'. 

24,800 

July  13th. 

18,700 

July  16th. 

21,000 

July  20th. 

4,820.000 

16.000 
28.700 
19.500 
23.200 

60 

July  25th. 

July  3l8t.     No  fever. 
August  7th.     No  fever. 
August  20th.     No  fever. 

24 

•    ■ 

8,400 

•  • 

Polynuclcar,  86^. 
Lymphocytes.  625^. 
Eosinophiles,  2. 
(Count,  300  cells.) 

22 

•    • 

6,400 

•   • 

The  first  case,  a  boy  of  eleven,  recovered  and  left  the  hospital 
well. 

But  these  changes  occur  also  in  alcoholic  (afebrile)  neuritiSi  as 
the  following  counts  show : 
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Age. 

8ez. 

Red  cells. 

White  cells. 

Percent 
lueniofflobin. 

Remarks. 

40 

16.100 

•   • 

Pneumonia.     No  autopsy. 

•  • 

8,6(w,bbb 

15,000 

75 

•   • 

8.260,000 

14.0<H) 

64 

•  • 

13,700 

60 

89 

3,  .584. 000 

12,000 

45 

•  • 

11.200 

68 

•  • 

7.700 

80 

25 

7.600 

•  • 

•  • 

6.700 

82 

In  all  eases  the  counts  were  made  just  at  meal  time,  so  that  the 
leucocytosis  is  not  due  to  digestion,  (lastritis  was  not  j)re8ent  in 
either  case. 

One  ease  of  post-diphtheritie  neuritis  in  a  child  of  eight  showed 
the  presence  of  anaemia  only:  Red  cells,  i^jSiiOjOOO ;  white  c<*lls, 
7,398;  haemoglobin,  70  j)er  cent. 

Neuritis  in  lead  poisoning  does  not  affect  the  count  of  leuco- 
cytes, as  twenty-live  cases  studied  at  the  Massachusetts  General 
Hospital  have  shown. 

Herpes  Zoster. 


No. 

Age. 

52 
74 

5:} 

Red  cells. 

White  cells. 

1 
2 
8 

15,500 
9.100 

8.500 

Percent 
luemofrlobtn. 


60 


Remarks. 


Temperature  99'. 


Neil ra Iff ta,  whether  facial,  intercostal,  sciatic,  or  ovarian,  showed 
normal  blood  in  numerous  eases  examined  at  tlie  Massachusetts 
General  Hospital. 

DISEASES   OF   THE    BRAIN. 

Menhujitis  (see  Inflammation  of  Serous  Membranes,  ])age  266). 

Za])j)ert  in  one  case  of  hrain  ahsressiowrxii  only  4, (KM)  white  cells. 

In  jHirJnjmt'nhujltiii  Infmorrlnifjira  and  ct>rvhrnl  stfjtliilia  (one  case 
of  each)  v.  Jaksch  found  leucocytosis.  M}'  own  cxjicrience  has  lxM*n 
the  same. 

Cert'hrnJ  and  ern'ht'Jlor  fitmors  have  no  effect  on  tin*  blood  as  far 
as  could  Im*  judged  from  nine  counts  in  the  former  and  three  in  the 
latter  disea.s<*.  Von  Jaksch  found  slight  leucocytosis  in  two  cases 
of  brain  tumor  and  <me  of  n/sf!rprro8ut,  Zapj>ert  found  normal 
blood  in  (me  ca.se  r)f  cerebral  tumor. 


DISBAfiES  OF 

THE   BRAIN.                                   345 

Tablk  LVII-Ct 

H.BRAI.  Tl«»R. 

.... 

„,. 

««.«,.. 

Whiu. 

Percrat 

Remariii. 

~«" 

IS. 100 

70 

m 

16,900 

75 

23 

15.0U0 

18 

i4.r.oo 

13,700 

26 

ia.500 

4 

12.200 

70 

87 

10.600 

60 

33 

9.000 
7,000 

73 

81 

4.10(1 

FrfHli  rffptinif 

fwllowiiig  table  si 

ows: 

Ta 

ai.K  LVIII.-Cehk 

KRAI.    HKMdRRIIAUK. 

Akv. 

... 

RMlnrili. 

^r 

Per  coat 

R^nurtb. 

43 

M. 

81.000 

95 

Autopsy. 

53 

M. 

80.000 

Polynuelear  cells.  »2J. 

O.'512.0bo 

2.1.000 

85 

Autopsy. 

60 

30.700 

Autopsy. 

60 
,15 

38,600 
26.000 
22,200 

Sfcoiid  day. 
Coma. 

69 

18.800 

47 

M. 

19.400 

Autopsy. 

54 

IB.OOO 

60 

S« 

17.400 

100 

Coma.     Hcmiplpgla. 

70 

F.' 

16.H00 

68 

Hemoirbagi'  four  days  before  count 
Autopsy. 

6.560,000 

11.600 

90 

.•■.9 

16,000 

63 

14.900 

Temperatun-.  104.7°,    Died. 

52 

13.800 

Henuplt'fcia.     Ditil. 

4» 

13.000 

Hemipk-gia.    Coma, 

37 

M. 

12.80<( 

TO 

6» 
.V. 

12.000 
11.900 

ll.HOO 

No  coma. 

42 

11.600 

38 

M. 

10.400 

58 

Conscious:  recovered. 

87 

H. 

10.8(K) 

90 

Atilopsy. 

ei 

M. 

10.30<l 

60 

60 

10.200 

TO 

65 

'  '((32.000 

.1.200 

18 

.\j-i.TiM  .sii.T(>«* :     emphysema     of 
lull,:-. .  p,Tiiui..i».  ,.iwmia.    Tern- 

T.i'Hltiirr     W<  . 
\'nU„ur\rM.  "i  ■•: . 
Lymplimiti".,  i:!.N-.. 

Mvel«-vtcs.  '.»?; 
Basoplnlcs.  .3$. 
Mi'KatoUlimts  =  6. 

346  SPECIAL  PATHOLOGY  OF  THE  BLOOD. 


CAISSON  DISEASE. 

Aire.  White  oeUs. 

18,900 

80 10,700 

CHOREA  AND  TETANY. 

Chorea  showed  in  twelve  cases  normal  blood  except  for  increased 
percentages  of  eosinophiles,  as  in  Zappert's  four  cases,  counted  630- 
1,3()0  (8-19  i)er  cent  of  eosins). 

Burr  has  made  a  careful  study  of  the  blood  in  thirty-six  casea 
and  arrived  at  the  following  conclusions :  Thei*e  is  usually  a  slight 
diminution  in  red  cells  and  a  moderate  diminution  in  haemoglobin. 
Any  severe  grade  of  anaemia  is  due  to  some  comj)lication.  He  did 
not  record  the  leucocytes.     Tetany  shows  no  blood  changes. 

DISEASES  OF  THE  SPINAL  CORD. 

(.'hix)nic  diseases  of  the  spinal  cord,  such  as  tabes  dorsalis,  syr- 
ingomyelia, s])astic  paraplegia,  diffuse  myelitis,  paralysis  agitans, 
and  progressive  muscular  atrophy,  are  found  to  produce  no  changes 
in  the  blood. 

For  Spinal  Meningitis,  see  page  267. 

GENERAL   PARALYSIS  OP  THE  INSANE. 

Capps'  has  made  a  careful  study  of  the  blood  in  nineteen  cases 
and  comes  to  the  following  conclusions : 

1.  Red  corpuscles  and  hiemoglobiu  are  always  slightly  dimin- 
i.shed,  the  averages  Inking  4,789,900  and  85  j»er  cent. 

2.  Most  cases  show  a  slight  leucocytosis  — I'l^  ]>i»r  cent  above 
the  normal  on  the  average.     Eaiiy  cases  may  have  no  leucocytosis. 

3.  The  differential  counts  show  that  the  blood  is  slightly  <plder 
than  that  of  normal  ailiilts.  The  j)olyiiiori>honuclear  leuco(»ytes 
average  nearly  74  per  cent  and  the  smaller  forms  of  lynijiluK'j'tes 
only  14.1^  |)er  cent,  while  the  larger  forms  of  lymphocytes  are  rela- 
tively numerous,  averaging  7.8  ])er  cent.  In  a  ftnv  ca.ses  the 
eosino])hiles  wt»re  very  numerous'^  (8.7  and  6.4  ]M'r  cent). 

4.  At  the  time  of  nmruls'ums  the  red  cells  and  h;einoglobin  are 

'  American  Journal  of  the  Medical  Sciences.  July.  1896. 
•  Ronioroni  (Archiv  di  Psicliiat.  Scien..  1S94,  p.  21)8)  finds  eosinophiles  in- 
creased even  to  twenty  live  per  cent  in  the  agitatinl  and  violent  eases. 
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appai'ently  increased  (due  no  doubt  to  the  violent  musculai*  contrac- 
tions which  raise  blood  pressure  and  concentrate  the  blood,  or  to 
cyanosis^ . 

There  is  a  sudden  and  pronounced  increase  in  the  leucocytes 
during  and  after  convulsions  or  apoplectifoiin  attacks.  That  this 
is  not  due  to  concentration  of  the  blood  or  to  stasis,  Capps  thinks  is 
shown  by  the  fact  that  not  only  the  number,  but  the  differential 
count  of  white  cells  shows  changes,  the  ^^  large  mofionuclear^^  cells 
being  relatU^ely  mcreasedy  sometimes  as  high  as  25  per  cent.  Myeliy 
eytes  were  seen  in  one  case  after  the  convulsions,  and  especially  just 
before  death,  when  in  a  leucocytosis  of  18,250  11  per  cent  were 
myelocytes.  * 

HYSTERIA  AND  NEURASTHENIA:    HYPOCHONDRIASIS. 

A  large  number  of  cases  have  been  counted  at  the  Massachusetts 
General  Hospital,  with  a  view  of  excluding  other  diseases.  The 
blood  count  is  always  normal  excei)t  that  in  a  certain  number  of  the 
hysterical  cases  eosinophils  are  relatively  inci-eased,  and  that  many 
of  the  neurasthenics  show  the  increased  percentage  of  lymphocytes 
which  I  have  alluded  to  above  (page  114)  as  characteristic  of  a  vari- 
ety of  debilitated  conditions. 

Marked  antvmia  Is  seldom  present j  although  the  haemoglobin  is 
not  infrequently  as  low  as  ^^  per  cent.  Reinert"  found  the  haemo- 
globin under  60  per  cent  in  only  4  out  of  48  cases  of  hysteria,  and 
in  none  of  36  neurasthenics. 

The  value  of  the  blood  examination  in  such  cases,  like  that  of 
the  urine  or  the  lungs  in  hysteria,  is  as  negative  evidence,  and  in 
this  respect  it  is  important.     "When  the  discrepancy  between  com- 

^  Leucocytosis  has  been  repeatedly  noticed  in  convulsions  from  various 
causes.  Pro))ably  the  irritant  which  causes  the  motor  discharge  also  acts  on 
th<*  leucocytes  by  chemotaxis.  For  example  Barrows'  study  of  8  cases  of 
insanity  with  convulsions  includes  counts  of — 1,  43,000  leucocytes  with  92  per 
cent  of  poly  nuclears:  2,  88,000  leucocytes  with  83  percent  of  polynuclears ;  8, 
32,400  leucwytea  with  85  per  cent  of  polynuclears  and  9  per  cent  of  myelo- 
cytes; 4.  21,500  leucocytes  with  88  per  cent  of  polynuclears.  These  counts 
were  made  immedlatelv  after  a  series  of  convulsions.  The  leucocvtosis  lasted 
for  many  hours  and  8howe<l  the  characteristics  of  ordinary  infectious  leuco- 
cytosis. 

In  convulsions  from  improper  feedine  in  infancy  I  have  seen  the  leuco- 
cytes rise  from  13.500  l)efore  the  tit  to  27.800  after  it. 
^MUnch.  med.  WckIk,  1805,  No.  14. 
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jilaiotn  aiid  si^is  is  great,  we  want  to  l>t>  duulily  mire  that  nothing 
hidden  escapes  our  notice,  aiid  the  blood  exauiiiiattoii  is  oue  of  the 
most  valuable  adjuvants  we  have  tu  the  discover)'  of  deep-seated 
intUnimation  or  malignant  disea^,  as  well  as  in  ginng  us  a  gi-tieral 
ueaHure  of  the  patient's  ilegi-ee  of  Iwdily  health  as  distinguished 
fiom  nervous  fore*.  The  fonner  may  be  high  when  the  latter  is 
low,  or  both  may  lie  low,  and  the  diatinrtion  uiarks  out  two  rliis-sea 
of  eases  in  which  somewhat  different  treatment  is  appr(»pnabe. 
There  is  no  use  in  undertaking  to  make  "blood  and  fat"  when  tliei 
patient  has  already  plenty  of  each,  tliough  it  may  be  well  to  carry 
out  the  same  riijimr  as  a  matter  of  suggestion. 


MENTAL    niSE.iSES 

The  association  of  ansemia  with  insanity  is  too  frequent  to  be  a 
mere  uoineidenw,  though  it  is  hard  to  make  either  serve  aa  a  cause 
for  the  other.  Vei'y  possibly  they  should  botli  be  hniked  upon  aa 
symptoms  of  a  common  underlying  (unknown)  catise. 

This  foi-ui  of  anteniia  has  been  noticed  by  Houston'  in  uielaii- 
cholia  and  general  paralysis,  and  by  Smith*  in  various  fomks  of 
insanity. 

Krypiakiewicz'  nutioe<l  an  increase  of  eosiuophiles  iu  acute  fonus 
of  insanity,  but  not  in  the  chronic  forms.  The  tr^irHrytmiiH  ofaeute 
dflirinm*  is  exr'uiplified  by  the  following  fase  from  the  Massaclui- 
setts  (ieneral  Hospital  records: 

A  girl  of  tiftjiM'n;  ar>ut«  delirium;  leucocytes,  12,750;  no  food 
for  eight  hours;  red  cells,  -1,510,000 [  hsmoglobiu,  63  per  cent. 

fiitrjirr/rf  mania  is  to  be  distinguished  from  the  delirium  of 
puerperal  sepsis  by  the  fact  that  the  latter  shows  leucocj-tosis  with 
tumvased  (KTcentage  of  |>olymnrphonuclear  cells,  while  the  funuer 
has  no  leucocylosis  (if  uncomplicated)  and  the  eosinophiles  aw  apt 
tu  Ite  incn-asfd'  (diminished  in  8e|>Hi.s). 

A  case  of  pueriierul  mania  seen  by  the  writ4T  showed :  Red  cell*, 
fi,210,000!  white  cells,  fi,iWO ;  liujmoghdiin,  84  [ht  cent;  eoaino* 
philes,  8  jier  (^ent. 

'  KuuatnD;  Hiiatnn  Med  nnd  Surg.  Jminial,  .Ijtniiary  IliN,  ls»4 

'Hmilb:  Jour.  ufHent.  Sii..  October,  lufliu. 

•  Ki7pli»kicwlr»: :  Wfin   nwtl.  Wocli,,  IKK.  N..   25 

*IM.  In  Klein- V<  ilk  maim '«  "Sammhmg  kiln.  VorlrJIge."  Iht'tmbcr,  1898.    . 
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CONSTITUTIONAL  DISEASES. 

OBESITY. 

Oertel  distinguishes  a  plethoric  and  an  anaemic  form  of  obesity 
not  mcx-ely  clinically,  but  by  the  evidence  of  post-moiliem  examina- 
tions. He  believes  that  there  is  a  real  over-filling  of  the  vessels  in 
the  first.     The  second  form  occurs  most  often  in  women. 

Kisch  examined  (with  v.  Fleischl's  instrument)  the  haemoglobin 
of  100  obese  patients ;  79  showed  over  100  per  cent  of  haemoglobin^ 
1  reaching  120  per  cent,  while  the  other  21  were  anaemic. 

DIABETES. 

There  is  nothing  characteristic  about  the  blood  except  the  in- 
creased amount  of  sugar  to  be  detected  (.57  per  cent  as  against  .1 
}>er  cent  normally) ;  but  this  is  not  a  clinic^ly  ap])licable  test. 

Two  simple  tests  for  diabetic  blood  have  recently  attracted  at- 
tention : 

1 .  Bi-emer' s  test :  Heat  thick-spread  blood  films  to  l^r)""  C  ;  cool 
and  stain  with  one-per-cent  aqueous  solution  of  (.'ongo  red  for  two- 
minutes.     The  blood  if  diabetic  looks  yellow  (to  the  naked  eye). 
Normal  blood  similai'ly  treated  looks  red.     Staining  with  methyl 
blue  also  shows  a  difference  l)etween  normal  blood  and   diabetic- 
blood.     The  normal  is  blue,  the  diabetic  yellowish  green. 

2.  Williamson's  test:  Make  a  mixture  of 

Blood 2<)  c.mni.  (2  drops). 

Aqueous  methyl  blue  (1 : 6, 000) 1  e.c. 

Li(iuor  potiissie,  60  jwr  cent  (ap.  gr.,  1.058). .  40  c.c. 

Water 40  c.c. 

Jjet  the  mixture  stand  thi-ee  to  four  minutes  in  boiling  water.  With 
dial)eti(5  blood  the  mixture  turns  yellow,  with  normal  blood  it  does, 
not.  Williamson  has  found  this  test  i)ositive  in  eleven  diabetics, 
and  negative  in  one  hundred  cases  of  other  diseases.  Bremer  claims, 
thjit  by  his  method  cases  of  diabetes  can  l)e  recognized  before  sugar 
ai»i)eiirs  in  the  urine  or  after  it  has  (temporaiily)  disappeared.  Le 
(xoff  confirnis  the  value  of  the  test.  Eichner  and  Folkel  find 
l>renier's  reaction  to  be  as  stated,  but  find  similar  color  changes  in 
1  "ikieniia,   Hodgkin's  disease,  and  Graves'    disease,  and  changes 
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something  like  it  in  a  variety  of  cachectic  conditions.  Badger  has 
studied  the  blood  of  diabetics,  leukajmics,  cases  of  Graves'  disease, 
and  other  cases  at  the  Massachusetts  General  Hospital.  Only  in 
Graves'  disease  did  he  find  reactions  like  those  of  diabetic  blood. 

The  alkalinity  has  been  said  to  be  greatly  diminished,  esi)ecially 
in  the  fatal  coma,  but  v.  Noorden  thinks  the  tests  are  unreliable. 

Fat  is  often  inci-eased  in  the  blood,  up  to  about  twelve  times  the 
normal,  so  that  the  serum  is  milky,  and  glycogen  has  been  demon- 
strated microchemically  in  the  corpuscles. 

Red  C^Hs, 

Sugai*  in  the  blood  draws  water  from  the  tissue  into  the  vessels, 
thereby  diluting  the  blood  ;  but  in  a  short  time  the  bh)od  f nH\s  itsi4f 
of  the  excess  of  sugar  and  fluid  through  increased  diuresis  so  as  to 
concentrate  the  blood. 

These  two  alteniating  influences  serve  to  explain  the  widely  dif- 
ferent counts  of  different  observers. 

Toward  the  end  of  the  disease  a  decided  cachexia  often  develops, 
the  anaemia  of  which  may  be  tt*mj)orarily  covei-ed  up  by  the  concen- 
tration above  noted,  or  accentuated  by  the  diintion  which  sometimes 
occurs.  Accordingly  we  may  find  the  corpuscles  in(*reased,  normal, 
or  diminished  in  different  cases  or  at  different  times  with  the  same 
case. 

(irawitz  counted  4,900,000  red  cells  in  a  patient  in  com]»aratively 
good  health,  and  thive  weeks  later,  when  the  j)atient  had  just  btH*n 
seized  with  the  fatal  ccmia,  the  count  showed  (5, 400,000  \wy  cubic 
millimetre. 

The  white  cells  show  no  constant  changes,  except  that  v.  Lim- 
beck has  noted  in  several  cast\s  that  the  (ligestion-leucocyt<»sis  is 
unusually  large  even  without  j>revious  fasting.  Von  Jaksch  found 
leuc(Krytosis  in  one  of  his  eight  cas<\s,  but  on  this  point  as  cm  many 
others  his  n^sults  are  almost  unique.  The  only  similar  ()bsrrvation 
is  that  of  Hal)ershon,'  who  rej)orts  moderate*  leuciK'ytosis,  dt'creastHl 
by  strict  diet.  In  thii-te(*n  cases  1  have  never  seen  leuc(K'yt<»sis. 
One  ca.se  of  dial)etic  coma  showed  4,200  leucocytes  j>er  cubic  milli- 
metre. Another  in  a  child  of  eight  years  showed  49,000  white 
cells. 

>8t.  Ikirtholomew  Hosp.  Report,  1890.  p.  153. 
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GOUT. 


A  few  cubic  centimetres  of  serum  from  gouty  blood  made  acid 
with  acetic  acid  (six  drops  of  a  twenty-eight-per-cent  solution  to 
every  drachm  of  serum)  deposit  ciystals  of  uric  acid  on  a  thread  in 
from  eighteen  to  forty-eight  hours;  but  this  is  not  always  to  be 
found,  and  is  by  no  means  jieculiar  to  gout. '  Uric  acid  is  to  be 
found  in  the  blood  in  pneumonia,  cirrhotic  liver,  nephritis,  grave 
anaemia,  leukaemia,  and  gravel ;  also  in  health  and  after  a  meal  of 
calf's  thymus  or  any  food  containing  much  nuclein. 

The  red  corpuscles  show  no  special  changes  except  in  severe 
chronic  cases,  which  are  sometimes  aniemic.  The  white  cells  are 
increased  according  to  Neusser,  while  v.  Limbeck  and  Grawitz 
found  the  blood  wholly  normal. 

It  is  particularly  in  this  disease  that  Neusser  supposed  the  "  peri- 
nuclear basophilic  granulations  "  to  exist  in  the  white  cells,  which 
condition  he  believes  to  be  characteristic  of  any  "uric-acid  diatht*- 
sis. "  Futcher  has  conclusively  disproved  this.  Fibrin  is  increased 
in  acute  cases. 

Ewing  states  that  he  found  "  uniform  but  moderate  anaemia  in  a 
series  of  chronic  cases  examined  at  Roosevelt  Hospital,  the  patients 
all  coming  from  the  poorer  classes.  In  the  chronic  cases  leucocy- 
tosis  of  moderate  grade  may  be  observed,  but  it  is  difficult  to 
determine  its  i-elation  to  the  gouty  process,  as  many  of  these 
patients  suffer  from  other  complaints." 

MYXCEDEMA. 

Le  Breton'  examined  the  blood  in  one  case  both  before  and 
after  thyroid  treatment,  and  found  that  after  forty  days'  treatment 
the  red  cells  had  risen  from  1,750,000  to  2,450,000,  the  white 
cells  from  4,500  to  9,600,  and  the  haemoglobin  from  65  to  68  [)er 
cent. 

The  remarkably  high  color  index  in  this  case  before  treatment 
(nearly  2. !)  corresponds  with  the  observations  of  Le  Breton  in  the 
dried  specimen,  which  showed  a  decided  increase  in  the  size  of  the 

'  It  is  important  to  evaporate  the  serum  at  a  temperature  not  above  70"  F., 
otherwise  crystals  will  not  form. 

«Lc  Breton:  Hot.  in  Wien.  med.  Blatter,  1895,  p.  49. 
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red  corpuscles.  He  also  noticfd  befon-  iiistitiitinK  thi-  thyroid  ti^a^  I 
ment  the  presence  of  imnleated  ivd  cells  aiid  aii  exress  of  the  poly-  I 
uiurphonuclear  form  of  leucocytes.  Under  treatment  the  nucleated  I 
red  cells  disappeared  and  the  lymphocytes  rose  to  their  normkl  per  I 
wnt. 

Putnam'  has  watched  a  similar  case  iii  whit^h  the  number  of  I 
red  cells  rose  from  .S,120,000  to  5,700,000  under  thyroid  treat-  ] 
ment. 

Murray'  ha^  collected  23  cases  with  blood  examinations, 
these  cases,  7  showed  a  normal  blood  count,   10  were  antemic,  i  \ 
showed   leucocytosis,   and   2  exhibited   both  aiismia  and   leuco- 
cytes is. 

Kraepelin'  noticed  (like    Le  Hretou)  a  marked  i 
average  diameter  of  the  eorpuseles  in  three  eases,  even  when  the 
count  and  the  hemoglobin  were  normal. 

I  have  had  an  opportunity  to  examine  the  bIcMid  in  four  eaiteft 
of  this  disease,  but  did  not  find  anything  remarkalile  in  any  one  of 
them. 


4.870.000 

4,4«0,0(KI 
4.(!'.'W!,0(>0 
4.013. 000 


^oiinl  4IW  wlb:  Polynu- 
clmr.  86i :  lympbncrles, 
S1,3«:  <^ot'iD^p1IIlM.  S.Of: 
sligbt  dcformlry  nt  reda;  1 
noraioblHSI. 


Differential  counts  were  made  in  three  cases,  and  nu  increase  m  \ 
the  size  of  the  corpuscles,  such  as  he  Breton  and  Kraepelin  saw* 
was  present  in  these  cases.     The  count  showed : 


c. 

■^"-SS^"^' 

[.rini<lioc7tc*. 

1 

87 
87 
7* 

28 
87.8 

i.4 

8 

■Putnun:  Hcf.  in  Moiray'*  article  in  "Tweuiietli  Conlury  Prsetloe  of  J 
Mwliiipe.'  vol.  iv. 

'Murray:  -Twcntipth  Ceniury  Practice  of  Mrdidiw."  vol  iv.,  p.  710. 
■  Knwpelin;  IVm   Arch,  f-  klin.  Mi-d..  voi,  xlix..  p.  WJ7. 
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The  increase  of  eosinophiles  in  two  of  these  cases  may  perhaps 
be  due  to  the  skin  troubles  in  the  disease. 

J.  J.  Thomas  found  a  few  myelocytes  in  a  case  of  Putnam's. 

CRETINISM. 

Koplik'  records  the  following  in  two  cases  of  sporadic  cretinism : 
Cask  I. — Fifteen  months  old;  advanced  stage  of  disease.     Hae- 
moglobin,  18  per  cent. 

Cask  II.— Red  cells,  3,02(>,000;  white  cells,  13,500;  haemoglo- 
bin, 105  per  cent.  This  high  haemoglobin  corresponds  to  normal 
fittal  blocnl.  The  child  was  nine  weeks  old,  but  its  backward  de- 
velopment is  mirrored  in  the  blood.  As  the  case  improved  under 
thyroids  the  haemoglobin  came  down. 


GRAVES'   DISEASE  (BASEDOW'S  DISEASE;    EXOPHTHALMIC 

GOITRE). 

The  blood  is  normal,  except  for  an  occasional  associated  chlorosis 
and  sometimes  a  mai'ked  lymphoc3rtosis.  In  one  case  I  found  51.3 
per  cent  of  lymphocytes  and  1  per  cent  of  myelocytes  in  1,000  leu- 
cocytes, the  polymorphonuclear  cells  being  only  48  per  cent ;  but  in 
fourteen  other  cases  I  have  never  found  this  again.  The  same  fact 
has  been  noticed  by  Neusser  (citeji  in  Klein,  loc.  rit,). 

Oppeiiheimer'^  found  the  red  cells  and  haemoglobin  normal  in 
two  cases.  Von  Jaksch*  in  one  case  "  complicated  with  myxoede- 
ma"  found  3,818,000  red  and  8,000  white  cells. 

The  association  of  Graves'  disease  with  chlorosis  is  illustrated 
by  two  cases  from  Zappert  :* 


Vase. 

Redi'ells. 

White  cell*. 

Percent 
Htemoglobln. 

1 

2 

2,8r>8,000 
2,788,000 

8,800 

8,800 

82 
80 

The  same  writer  found  eosinophiles  much  increased  (8.5  per 
cent)  in  one  out  of  four  cases. 

'  New  York  3Iwiical  Record,  Octolwr  2d,  1897. 
"Deiit.  ined.  Wmh.,  1889,  p.  861. 
3Z<Mt.  f.  klin.  Med..  1898,  p.  187. 
<ZiMt.  f.  klin.  Med..  1893,  p.  266. 
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s«.. 

RmI  l-tlK. 

WhlW.vll». 

H«DI.XWB. 

H^^ 

8 

5 

44 
27 
43 
38 
U 

M. 

8,668.000 

4.Wtilo66 
4,404.000 

i.'mi.ifl)it 

3.»K) 
T.300 
7.700 
8.800 

l3.r>oo 

13.700 
16.000 
1.1.0110 

4-1 
6.1 

60 
63 

Kl 

Dk-d. 

Jaoiinry  13 
.[anuHrv  31. 
FrhniuVj  18. 
Frhnmry  M. 

AD[»I80N"H  DISEASE. 

Some,  but  not  all,  cases  »re  accoiniHUiied  by  marked  atiiemia. 
Neumann'  i)l>servod  a  cast:  in  which  the  symptouiH  atLiav  on  a^'Utely 
and  the  red  cvhn  uank  U>  1,120,000  i>er  cubic  millimetre.  I)urin){ 
the  convaletHH-'nee  which  followed,  the  cells  ran  iij>  above  normal, 
reaching  7,700,000. 

TBchirkdff*  rejiorts  two  casett  in  which  the  reil  ivlls  were  n-- 
apectively  ."1,280,000  and  2,9;i;i,000  at  the  lowest,  but  whose  haemo- 
globin waa  extraordinarily  high,  over  100  per  cent  in  one  ease.  Tliia 
he  found  on  fipectro8coj>ic  examination  to  be  due  to  a  great  increaiie  of 
reduced  liremoglobin  in  the  coqmscles.  Methffinioglobin  watt  also 
noted. 

The  white  t'orj^^-iseles  showed  no  changes,  (juaiititative  or  i|nali- 
tative,  exiH'iit  that  they  contained  black  iiigmeiit  granules.  Thni- 
cases  have  l)een  examined  at  the  Massachusotti  (leneral  Ilosjiital. 
The  first,  a  woman  of  thirty,  showed  (>,240,0(MI  rcil  i-<-lIs  with 
14,000  white,  and  90  \n-t  cent  of  hwmogloliJTi.  The  differential 
count  of  900  leuciwyt*',-*  showed  the  following  figures :  I'olyni()r(>ho- 
nuolear cells,  fi.'l. 4  ])er cent;  lymphocytes,  41  j^rc^-nt;  eosin<i[ihiles, 
4.6  i)er  cent;  myelocytes,  .9  per  cent. 

The  eoaiiu)philes  were  very  large,  some  of  tin-ni  eosinophilic 
mycliieytfs. 

The  second,  a  man  of  forty-two,  was  very  ana-mic  and  weak  at 
entran<r<-  and  showed:  Ked  eells,  2,iy(>,000;  white  cells,  r,r>00; 
hemoglobin,  20  |ter  cent.  Differential  count  of  200  leucwytt-a 
ahoweil:  Polymorphonuclear  cells,  (ir>  jer  cent;  lymphocytes,  .•(l,(i 
■li..  isw.  [..  10,-.. 
I.  xix..  Suppl.  Heft  37. 
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per  cent;  eosinophiles,  3.5  per  cent;  5  normoblasts;  marked 
poikilocytosis. 

Under  suprarenal  extract  his  blood  improved  in  a  month  till  his 
red  cells  numbered  4,700,000;  white  cells,  9,000;  haemoglobin,  65 
per  cent. 

The  third,  a  man  of  fifty-two,  showed :  October  20th— red  cells, 
2,848,000;  white  cells,  4,800;  haemoglobin,  45  per  cent.  Decem- 
ber 10th  "-red  cells,  2,624,000;  white  cells,  7,100;  haemoglobin, 
45  per  cent.  Differential  count:  Polynuclear,  74  per  cent;  small 
lymphocytes,  22  per  cent;  large  lymphocytes,  4  per  cent;  eosino- 
philes,  .4  per  cent.     No  nucleated  red  cells. 

A  fourth  patient,  kindly  sent  me  by  Dr.  Rogers,  of  Dorchester, 
showed:  Red  cells,  2,864,000;  white  cells,  2,000;  hsBmoglobin,  51 
per  cent.  Differential  count  of  300  cells  showed :  Poly-morphonu- 
clear  cells,  63.3  per  cent;  lymphocytes,  33.3  per  cent;  eosinophiles, 
2.3  per  cent;  basophiles,  .3  per  cent. 

I  have  never  seen  melanin  in  the  leucocytes  as  Tschirkoff  did  in 

his  two  cases. 

Addison's  Disease. 


Age. 

Red  cells. 

White  cells. 

Percent 
luemoRlobiD. 

Remarks. 

34 
89 
29 

5,056,000 
5,460.000 
4,804.000 

519,200 

5.000 

117,000 

10,000 

10,400 

60 
80 
68 

80 

Soon  died. 
Autopsy. 

Polynuclear,  77.6  Jj. 
Lymphocytes,  14.0 
Eosinophiles,  8.0 
Myelocytes,  .4 

OSTEOMALACIA. 

The  blood  has  for  a  long  time  been  supposed,  on  the  authority 
of  V.  Jaksch  (Zeit.  /.  klin.  Med,j  vol.  xiii.,  page  360),  to  exhibit  a 
diminished  alkalinity,  the  bones  being  supposed  to  be  eaten  away 
by  acids  in  the  blood.  Von  Limbeck  and  many  other  observers 
have  lately  shown  that  the  blood  is  normal  in  alkalescence. 

Corpuscles  and  haemoglobin  are  usually  within  normal  limits 
quantitatively,  but  Neusser  reports  an  increase  of  eosinophiles  and 
the  presence  of  myelocytes  in  the  blood. 

Ritchie'  confirms  Neusser  and  found  also  the  young  leucocytes 
more  numerous  than  normal. 

*  E<liD.  Med.  Journal.  June,  1896. 


336  SPECIAL  PATHOIX>GY  OF  THE  BIjOOD. 

Fehling,'  Sternberg,'  Chrobak'  found  no  increase  of  eosinophile». 

Kieder'H  case  was  normal  in  all  respects:  Red  cells,  4,892,000; 
white  (;ells,  5,600;  eosinophiles,  3.6  per  cent;  polymorphonuclear 
cellM,  61  per  r^nt. 

Ewing  says :  ^  The  usual  condition  of  the  blood  in  osteomalacia 
ap|iears  U}  be  that  of  moderate  secondary  anaemia.  The  leuciicytes 
have  varied  from  subnormal  to  moderately  increased  numbers.  The 
lyinphocjrtes  are  usually  very  numerous,  an  excessive  proportion 
(maximum  56  per  cent)  having  been  found  by  Tschistowitch.  High 
nonual  proportions  of  eosins  have  been  found  by  several  observers, 
but  not  by  others." 

RICKETS. 

1 .  Aiuemia  is  always  present  in  severe  cases  and  often  in  mod- 
erate ones.  This,  together  with  the  fact  that  many  cases  of  rickets 
are  associated  with  an  enlargement  of  the  spleen,  has  led  to  the  use 
of  the  misleading  term  '^ splenic  anaemia."  There  is  no  form  of 
anieuiia  found  in  rickets  that  may  not  be  found  in  other  conditions 
(Morw*). 

II(K;k  and  Schlesinger  found  an  average  of  2,500,000  red  cells  in 
a  considerable  numljer  of  cases  with  and  without  enlarged  spleen. 

Von  'Faksch  de8eril)e8  a  case  in  which  the  red  cells  sank  from 
1,600, (MX)  to  750,000  within  three  months,  and  Luzet  saw  a  simi- 
larly rajnd  process,  the  cells  falling  from  2,110,000  to  1,596,000 
within  thn*e  weeks.  On  the  other  hand,  in  Morse's  admirable 
Htndy  <>f  tw<*nty  well-marked  cases  the  red  cells  averaged  over 
4,.'iO(),000  and  not  a  case  fell  l)elow  3,500,000. 

2.  The  htenioglobin  is  always  relatively  low ;  it  averaged  ()3  j>er 
cent  in  Morse's  cases,  a  color  index  of  about  .7.  Felsenthal  got 
similar  results. 

1 1 7/  iff.    (  V>/y>  usr/fif . 

It  is  oft<*n  difticult  to  say  whether  or  not  the  leucoeyt4»s  are  in- 
cnMistMl,  owing  to  the  oe(?urivnee  of  most  cases  in  infants  at  an  age 
when  l«ue()eyt4's  aiv  lUways  higher  than  in  adults — how  much  higher 
at  any  given  age  depends  largely  upon  the  degire  of  vigor  and  for- 
wardness of  develojnnent  of  the  individual  child. 

In  Morse's  series,  for  example,  the  average  age  of  the  infants  is 
twelve  months.     And  for  this  age  none  of  the  counts  in  his  series 

'CiUMi  by  Kitehie(/oc.  cit.). 
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seem  to  me  necessarily  abnormal.  They  are  all  under  16,000  ex- 
cept three,  these  three  being  17,900,  18,800,  and  22,000  respec- 
tively, the  latter  in  a  nine  months'  infant.  Many  of  the  counts 
seem  to  me  subnormal  for  infancy  (5,500,  7,200).  Most  observers 
find  leucocytosis  present  in  many  cases,  but  not  in  all. 

Qualitative  Changes. 

Ht'd  Cells. 

As  in  all  anaemias  of  infants,  the  "  degenerative  "  and  "  regener- 
ative "  changes  are  relatively  common. 

Polychromatophilic  forms  and  nucleated  corpuscles  are  fre- 
quently to  be  found,  the  latter  often  in  great  numbers  but  with  a 
majority  of  the  normoblast  type. 

White  Cells. 

Lynii)hocytosis  is  said  to  be  marked,  but,  as  with  the  question 
of  leucocytosis,  we  are  never  quite  sure  whether  the  numbers  are 
abnormal  for  that  «</e,  for  l3rmphocytosis  is  the  normal  condition  in 
infants'  blood. 

When,  however,  as  in  a  case  mentioned  by  Rieder,  we  find  75 
lymphocytes  in  every  100  leucocytes,  the  child  being  four  years  old, 
we  are  surely  dealing  with  a  pathological  condition.  Another  of 
his  cases,  a  seven-months'  child,  rachitic,  with  57  per  cent  of  lymph- 
ocytes, seems  to  fall  within  normal  limits.  Not  so  with  Morse's 
ca.ses.  The  highest  percentage  of  lymphocytes  in  his  series  was  69, 
in  an  infant  of  two  months.  I  have  similar  counts  in  health  at  that 
age.  The  average  of  his  twenty  cases  is  43  per  cent,  which  is,  if 
anything,  rather  low  for  that  age.  The  same  difficulty  arises  with 
regard  to  the  reports  of  eosinophilia  in  rickets,  since  eosinophiles 
are  always  relatively  numerous  in  infancy.  Morse's  highest  figui'e 
was  7  })er  (^ent  his  average  3  per  cent.  Hock  and  Sehlesinger  found 
20  per  cent  in  one  subject,  and  Weiss  16  per  cent  in  another. 
They  wei*e  highest  in  cases  with  splenic  tumor.  In  Rieder' s  four 
cases  and  in  the  three  seen  at  the  Massachusetts  General  Hospital, 
no  eosinophilia  was  present.  Myelocytes  in  small  number  (.5-. 2 
per  cent)  are  not  uncommon,  and  may  be  considerably  more  nu- 
merous. 


CHAPTER  IX. 

BLOOD    DESTRUCTION   AND    HEMORRHAGIC    DIS- 

EASES. 

PURPURA  HEMORRHAGICA. 

The  blood  is  practically  that  of  anaemia  from  heuiorrha^^  (red 
cells  aiid  haemoglobin  reduced,  white  cells  increased,  occasional  nu- 
cleated red  corjmscles  or  polychromatophilic^  forms).  Agello'  has 
found  methaemoglobhi  in  the  blood,  and  hence  concludes  that  the 
disease  is  a  poisoning  of  the  corpuscles  by  ptomal'ns  absorl)e(l  from 
the  intestine. 

The  blood  plates  are  much  diminished  and  may  be  entirely  abst^nt 
in  the  worst  stages. 

Ha<*teria  of  various  kinds  have  been  rej)orted  in  the  disease,  but 
negative  results  are  also  common,  and  their  presence  is  pr<»bably  not 
significant. 

The  red  cells  may  fall  as  low  as  2,r)0(),000,  but  an*  much  ()ftener 
slij^htly  or  not  at  all  diminished.  In  many  mild  cases  then*  are  no 
demonstrable  blood  changes,  (hi  the  other  hand,  Osier  nuMitions 
a  case  which  siuik  to  1,8(H),000,  and  the  loss  of  blood  may  give  rise 
to  a  fatal  amemia  of  the  n)icr(M*yte  tyjH*  (see  page  154). 

IVnsaude*  has  observed  that  in  1(5  cases  characterized  bv  Ifunr 
hrmnrrhfHjt'H  (2  =  iU'utt*  **  infectious,  ■'  2  with  tulnM-culosis,  *2  chronic, 
10  =  Werlhof's  disease)  the  clot  shows  no  retraction  and  n()  transu- 
dation of  the  st*rum.  Ciuses  with  sninll  hnnnrrhdfjrs  (toxic,  rheu- 
matic, cachectic,  and  nervous)  do  not  sh<»w  any  such  abncnnial 
characteristics.  Hence  he  concludes  that  at  tlie  outset  of  a  case  of 
pur]>ura,  observation  of  the  clotting  j»rocess  may  enable  us  to  fon*- 
tell  whether  or  n()t  the  case  is  to  Ik*  of  a  /*/'/v/v  or  of  a  mihl  tyj)e. 
He  found  the  blood  lesi(»n  alM)ve  descriUMl  to  Im*  greatest  during  the 
hemorrhagic  crises,  slowly  disapjM'aring  In^tween  them.  Hayem 
has  confirmed  these  observations.  He  Hnds  the  fibrin  network  al- 
most invisible.     Despite  this  and  despite  the  absence  of  contraction 

'  Hifonim  M.mI  .  Napoli.  isJM.  p    1(K{  \m  S<'iiminr  Mt'il     1N»7    p   21 
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in  the  clot,  the  actual  rate  of  clotting  is  normal.  Hayem  has  seen 
similar  failui-e  of  contraction  when  the  blood  plates  ai-e  plenty.  It 
occasionally  occurs  in  symptomatic  purpura  (e.f/.,  from  phthisis). 

SCURVY. 

There  ai*e  no  characteristic  blood  changes  known.  When  hem- 
orrhage is  severe  the  red  cells  may  sink  vei-y  low,  to  557,875  in  a 
case  of  Bouchut's;  Ouskow  and  Hayem  saw  counts  of  3,500,000 
and  4,700,000.  The  usual  qualitative  changes  of  secondary  anaemia 
are  present  in  severe  cases ;  haemoglobin  suffers  as  usual  more  than 
the  count  of  red  cells. 

Leucocytes  may  be  increased,  whether  from  hemorrhage  or  from 
some  complicating  inflammatory  process.  This  was  not  so  in  the 
following  ease  of  my  series:  January  2(>th — reds,  3,120,000; 
whites,  3,600;  haemoglobin,  40  per  cent.  January  29th — reds, 
3,(>00,000,  hemoglobin,  5o  per  cent.  Eight  days  later  haemoglobin 
65  per  cent. 

*'  The  red  cells  vary  in  number  and  size  according  to  the  length 
ajid  severity  of  the  disease.  On  account  of  the  frequency  of  inflam- 
matory complications  and  hemorrhages  the  leucocytes  are  usually 
increased,  Uskow  finding  as  high  as  47,000.  Litten,  however,  ob- 
served no  leucocytosis,  and  the  writer  in  two  well-marked  but  un- 
complicated cases  found  no  increase  "  (Ewing). 

Barlow's  disease  may  lower  the  red  cells  as  fai*  as  976,000 — as 
in  a  case  of  Reinert's — the  haemoglobin  being  17  per  cent,  and  the 
white  cells  12,000.  This  was  the  day  before  death.  The  blood 
plates  are  not  diminished,  and  the  clot  retracts  normally. 


HAEMOPHILIA. 

The  blood  changes  are  practically  those  just  described  and  show 
nothing  chai-acteristic  of  the  disease.  Coagulation  is  slower  than 
normal  and  blood  plates  are  sometimes  very  scanty.  The  white 
cells  ai*e  sometimes  persistently  diminished,  as  in  the  following  cases : 

I. 


Sept.  nth. 

Sept.  14th. 

Sept.  17th. 

Sept.  80th. 

Sept.  23d. 

Sept.  S4th. 

IUhI  cells i    2,960,0a) 

•  •  •  » 

3,400 

•  •  •  • 

•  •  •  • 

3,«00 

•  •  •  • 

•  •  •  • 

3,900 

•  •  •  • 

;J,700 
(M  per  cent. 

3,900,000 

White  cells I          3,4()(l 

3,300 

Hflemofflobln ,  42  per  tH»nt. 

1 

48  per  cent. 
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BLOOD   DESTHl'tTIOX    (H-EMOCYTOLYSIt*), 
I.  Besides  tl»e  slow  destructkm  of  corpuscles  which  takes  plac« 
in  Euiy  ordinary  auieuiia,  we  have  a  group  of  conditions  under  which 
a  large  uiuuber  of  red  tiells  are  suddenly  tlestroyed  in  the  ciraulation 
itself.     This  may  take  place  by — 

1.  Separatiou  of  the  hseiuoglobin  from  the  corpuscles  so  that  it 
colors  the  seruui. 

2.  Actual  breaking  ti>  pieces  of  the  red  cells  wiilnmt  separation 
of  the  bEBinoglobin. 

If  nonual  blood  is  drawn  and  left  to  stautl,  the  serum  which 
separates  from  the  iiorpiiscles  is  not  red-tinged  or  hut  verj-  slightly 
80,  firorided  all  shaking  and  jarriiig  are  avoided.  A  vciy  slight 
reddish  tinge  may  appear  in  the  st- ruin  even  witb  most  carvfiil  t«rh- 
nique.  In  some  conditions  the  haemoglobin,  while  not  actually 
separated  from  the  corpuscles  within  the  ^'esselH,  is  su  loosely  ctm- 
uected  to  them  that  a  considerable  quantity  sejiarates  [wst  mort«ta 
and  colors  the  serum  in  spite  of  tlie  avoidance  of  any  jar. 

This  condition  is  to  be  distinguished  from  true  hsemoglobiiuemia, 
in  which  the  senmi  is  ai-tually  colored  before  leaving  the  vessels^ 
although  the  two  conditions  really  represent  only  different  degreeji 
of  Tulnerability  of  the  red  (!clls. 

We  are  surer  of  a  diagnosis  of  litemoglubiniemia  when  we  find 
bits  of  broken-itown  c«tls  in  the  fresh  blood  and  tlie  additional  evi- 
dence of  hfemogtobinuria  or  jaundice. 

1.  Severe  forms  of  malaria,  yellow  fever,  typhus  fever,  seven 
forms  of  septictemia,  aud  rarely  scarlet  fever  may  cause  liwmoglo- 
biniemia.  Also  alcoholism  with  fever,  nephritis,  cirrhosis,  grava 
icterus,  quinine  poisoning,  aud  eclampsia  (Hayeni). 

2.  Panu-r/nmiii  ha-moffliAintemlo,  so-called,  is  a  varie^f  whose  I 
cause  is  unknown  and  which  does  not  seem  st^coudary  to  any  other  I 
disease,  unless  a  certain  relatioTistii])  U'  syphilis  lie  established,  and'  I 
to  malaria.  The  attacks  are  brought  on  by  a  great  variety  of  causM  j 
(cold,  muscular  or  mental  strain,  fU:).  ftomc  persons  can  always  1 
bring  ou  an  attack  by  putting  tlie  band  or  foot  into  cold  wat«r. 
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Blood  Examination. 

Coagulation  is  very  rapid,  but  the  clot  soon  dissolves  again 
{Hayem).  The  fresh  blood  occasionally  shows  deformities  in  the 
corpuscles  or  bits  of  broken  cells,  and  lack  of  rouleaux  if  examined 
during  a  paroxysm.  As  a  rule  the  corpuscles  of  the  peripheral  blood 
look  normal.  Frazer  has  recently  repoi-ted  a  case  in  which  he  ex- 
cited a  paroxysm  by  a  cold  bath,  and  studied  the  blood  with  great 
care. 


Time. 

10  A.M.     Before  bath 

11:05  a.m.     Twenty -five 

minutes    after    bath; 

nriue  pale. 
11 :45  (urine  dark) 

5:45  p.M 

Next  dav,  1  p.m 


Red  cells. 


4,075,000 


3,688,300 
8,760.000 
4.200.000 
8.800.000 
4,100.000 


White  cells. 


15.000 


21,800 
21.800 
21,500 
17.700 
18.700 


Per  cent 
haBmoglobln. 


50 


50 
60 
50 
50 
50 


Blood  plates. 


450,000 


696,000 
525.000 

4.250.000(1) 

1.600.000 
500,000 


The  enormous  increase  of  "  blood  plates  "  is  striking.  It  is  diffi- 
cult to  resist  the  conclusion  that  these  blood  plates  were  bits  of 
broken  red  corpuscles.  The  serum  was  currant-jelly  colored.  The 
appearance  of  the  corpuscles  was  quite  normal. 

All  that  is  known  of  the  disease  is  expressed  by  saying  that  for 
some  reason  the  i*ed  cells  are  abnormally  spttsifire,  so  that  any  one 
of  a  variety  of  slight  disturbances  is  sufficient  to  separate  their 
haemoglobin  and  set  it  loose  in  the  plasma. 

3.  Extensive  hum^  have  been  reported  to  cause  hsemoglobiniemia 
with  breaking  up  of  the  red  cells,  presumably  through  changes  in  the 
serum  similar  to  those  which  make  duodenal  ulcer  so  common  a  se- 
quel to  bad  burns. 

4.  Snake  poison  and  scorpion  poison  may  have  similar  effects. 
11.   Another  group  of  corpuscle  destroyers  is  that  which  works 

by  changing  the  hcemoglohin  to  metha*mo(flohin.  The  most  impor- 
tant of  these  is — 

1.  C/iiorafe  of  Potash, — This  destroys  the  corpuscles  and  pro- 
duces hsenioglobiiKt^mia  and  the  usual  train  of  symptoms  (jaundice,, 
•dark  urine,  etc.)  due  to  this. 

Brandenburg'  examined  the  blood  of  a  woman  who  had  taken 

'  Beriiuer  klin.  Woeh.,  18»5.  No.  27. 
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two  and  one-half  ounces  of  chlorate  of  potash  in  water  the  night 
before.  The  blood  showed  marked  leucocytosis,  broken  and  dis- 
torted red  cells.  In  gross  it  was  chocolate-colored  and  the  serum 
after  separation  of  the  clot  was  brown.  The  red  cells  progressively 
decreased  as  follows : 

• 

Red  cells.       Wblte  celli. 

Firetday 4,300,000        20,000 

Second  day 2,500.000 

Fourth  day 2.800,000 

Fifth  day 2,100,000 

Sixth  day 1,900,000 

Seventh  day 1,600,000        15,000  (death). 

Jacob*  studied  a  similar  case :  Thirty  hours  after  a  dose  of  25  gm. 
of  KCIO,  the  blood  showed:  Red  cells,  4,425,000;  white  cells, 
80,000  (stained  specimen  resembles  leukaemia).  Next  day,  red 
cells,  1,825,000  (broken  and  decolorized);  white  cells,  60,800. 
Fourth  day,  red  cells,  2,225,000;  white  cells,  14,000. 

2.  Ehrlich  and  Lindenthal '  repoi-t  the  case  of  a  patient  who  was 
poisoned  with  nitrobenzol.  Ten  hours  after  the  blood  was  chocolate- 
colored  and  showed  methsemoglobin  bands.  Under  the  microscope 
there  were,  no  changes  till  the  third  day,  when  poikilocytosis  ap- 
peared. 


Fifth  day 

Seventh  day 

Eleventh  day 

Fifteenth  day 

Seventeenth  day 

Nineteenth  day 

**    death. 


Red  ei'lls. 


White  cells. 


2, 275, 000 
1.845.000 
l.ftOO.OOO 

905.000 
1.102.000 

900.200 


Much  increased. 


a 
a 


u 
u 

u 


Percent 
iiseoio- 
KlobiD. 


55 
50 
44 
40 


Nucleated 

•^  t'elte 

per  cubic 

millimetre. 


2.070 

7.900 
24.700(!) 
12.000 

1.300 
540 


The  nucleat^'d  rrd  crlls  wen*  at  first  mostly  n()rni()l)la.sts ;  later 
mostly  megaloblasts.  ]\»ss(»lt"  and  lU)as*  have  published  similar 
cases. 

8.  Antipyrin  and  antifihnn  in  doses  of  from  thirty  to  forty- 
five  grains  may  cause  great  cyanosis  and  dangerous   prostration 


>Berl.  klin.  Woch.,  1897.  No.  27. 
•Zcit.  f.  klin.  Med..  1896,  p.  427. 
«Wien.  klin.  Woch..  1897.  No.  80. 
*Deiit.  med.  Wf)ch.,  1897,  No.  51. 
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through  the  transformation  of  the  haemoglobin  and  methaemo- 
globin.  In  certain  persons,  even  much  smaller  doses  produce  the 
same  effect. 

4.  Phenacetln  poisoning  (Kvonig:  Berl.  kiln.  Woch,y  1895)  may 
cause  actual  blood  destruction  with  anaemia  in  case  the  patient  sur- 
vives the  immediate  effects  of  the  deprivation  of  oxygen.  A  fatal 
case  of  chloral  poisoning  at  the  Massachusetts  General  Hospital 
showed  14,400  leucocytes  with  54  per  cent  of  haemoglobin. 

5.  Fhosphorus  ]}oisoning  (see  Liver,  page  311). 

6.  Workers  in  aniline  dyes  and  nitroglycerine  factories  may  be 
severely  poisoned  by  nitrohenzol  compounds  inhaled  and  producing 
methiemoglobinaemia. 

7.  Fijt'ognlUc  add  and  pifrogalhd  as  used  in  treatment  of  skin 
diseases  may  lead  to  death  through  destruction  of  the  red  cells. 
Chromic  acid  (for  instance,  as  applied  through  the  vagina)  may 
have  a  similar  effect. 

Many  other  less  common  substances  work  the  same  ill  effects  on 
the  blood. 

III.  A  third  gi-oup  of  substances,  of  which  carbonic  oxide  gas  is 
the  type,  poison  by  combining  chemically  with  the  haemoglobin  and 
preventing  its  combination  with  the  oxygen  of  the  air. 

1.  Il/iimhiating  gas  is  for  our  purposes  the  most  impoi*tant  of 
this  group. 

The  apj)earance  of  individual  blood  cells  is  not  altered  nor  do 
they  break  up,  but  the  corpuscles  are  useless  to  breathe  with,  as 
they  cannot  take  up  oxygen. 

The  color  of  the  blood  is  veiy  bright  red,  much  brighter  than 
normal. 

Jicd  Cells. 

Von  Limbeck'  found  in  two  cases  «,();K),000  and  5,700,000  re- 
spectively. The  volume  of  these  corpuscles  (estimated  by  Bleibtreu's 
method)  was  greatly  increased,  amounting  to  70. 7  per  cent  (normal| 
41-48  per  cent),  so  that  apparently  the  size  of  the  indiyidual  cells 
is  increased. 

MUnzer  and  Palma*  found  5,700,000  red  cells  in  one  case. 

Ehrlich  found  numerous  normoblasts  in  one  case. 

'  Loc.  cit.,  p.  234. 

•Zeit  f.  Heilk.,  vol.  xv.,  p.  L 
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Leuronftes, 

Eaton*  reported  four  cases,  in  all  of  which  the  white  cells  were 
inci-eased,  the  counts  ranging  between  15,000  and  22,000  per  cubic 
millimetre. 

MUnzer  and  Palma  {loc,  cit. )  found  13,300  in  their  case.  Twenty- 
four  such  cases  have  been  examined  at  the  Massachusetts  General 
Hospital  with  the  following  results : 


Table  LIX. — Illuminating  Oa8  Poi80nino. 


Age. 

• 
M 

Red  mils. 

White 
cells. 

Percent 

bwmo- 

frlobin. 

Remarks. 

41 

M. 

81.200 

•   • 

Coma;  recovery. 

49 

M. 

27.100 

•   • 

September  12th:  coma. 

19.900 

•    • 

September  13th.  entirely  wclL 

21 

M. 

26.000 

70 

Coma;  recovery. 

19 

M. 

25,470 

97 

50 

•  • 

25.200 

40 

M. 

22.900 

75 

21.200 

•  ■ 

Novemlier  27th;  coma. 

15.500 

•  • 

November  29th;  convalescent. 

Adult. 

•  • 

22.000 

•  • 

Recovery. 

60 

M. 

20.400 

75 

Coma;  recovery. 

25 

M. 

20.860 

110 

Death. 

45 

M. 

20.100 

•  • 

Coma:  death. 

Adult. 

•  • 

20.  (KK) 

64 

•   • 

19.6(m 

80 

24 

18.800 

16 

F. 

18.5(NI 

84 

Coma;  recovery. 

27 

,   , 

18.100 

50 

•   • 

17.800 

94» 

Tempemture.  101';  rc^covery. 

22 

17.100 

19 

M. 

17.(HK» 

•    • 

I)(»cemlHT  22(1. 

17.5(W 

•    • 

Decern Imt  23tl. 

4.980.000 

17.(XK) 

56 

15,6<K» 

21 

15.0(H) 

80 

55 

riJHK) 

6(» 

28 

9.400 

88 

9,8t)0 

78 

20 

1 

«.7(M> 

58 

Warthen*  i*epoii;s  the  same  condition  in  a  single  case.  Here 
the  specific  gravity  v;as  also  very  higli  (v.  Limbeck  finds  that  this 
is  to  be  explained  by  the  increase  in  the  actual  size  of  the  cor- 
puscles). 

'  Boston  Medical  and  Surgical  Journal,  March  14th,  1895. 
'  Virchow's  Archiv,  vol.  cxxxvi. 
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When  there  is  any  doubt  as  to  diagnosis,  the  following  test  will 
settle  it :  Shake  a  small  quantity  of  fresh-drawn  blood  into  three 
times  its  volume  of  subacetate  of  lead.  If  the  blood  contains  CO 
the  mixture  becomes  of  a  tine  red  color ;  otherwise  it  turns  choco- 
late-colored.* 

2.  Da  Costa  {Med.  Netrs,  March  2, 1895)  repoi'ted  a  considerable 
diminution  in  haemoglobins  of  patients  during  etherization,  especially 
anaemic  patients,  but  the  investigations  of  Lerber*  do  not  confirm 
this. 

Tansif  Poisoni:ifj, — A  single  case  examined  at  the  Massachusetts 
General  Hospital  showed:  Red  cells,  4,600,000;  white  cells,  21,- 
000 ;  haemoglobin,  70  per  cent. 

Corrosive  Poisoning  (Ammonia  Fumes). — A  patient  whose  throat 
was  covered  with  a  fibrinous  pseudo-membrane  in  consequence  of 
inhaling  ammonia  fumes  showed  a  leucocytosis  of  25,800.  Red 
cells  and  haemoglobin  normal.  Another  with  vomiting  and  purging 
gave  a  count  of  20,700  white  cells. 

Ammonia. 


Ag*». 

Sex. 

•  • 

Red  cells. 

White 
cellH. 

Per  cent 
hipmo- 

(TloblD. 

Remarks. 

24 

27,000 

Mouth  aud  pueumouia. 

Opium  Poistning  (Chronic). — The  majority  of  cases  of  the  mor- 
phine habit  show  normal  blood,  but  in  October,  1897,  a  man  of 
twenty-six  entered  the  Massachusetts  General  Hospital  for  the  mor- 
j)hiue  habit  who  showed  at  entrance  36,000  leucocytes  per  cubic- 
millimetre.  Five  days  later  the  count  was  21,200.  A  differential 
count  of  500  leucocytes  made  on  this  day  showed:  Polymorpho- 
nuclear neutrophiles,  71  per  cent;  small  lymphocytes,  12;  large 
lymphocytes,  10;  eosinophiles,  6;  myelocytes,  1.  At  the  time 
of  leaving  the  hospital  he  still  showed  a  leucocytosis  of  16,400. 
He  had  no  fever,  and  the  physical  examination  was  entirely  nega- 
tive. 

Ptoma'in  Poisoning  (Rotten  Fish). — A  mother  and  her  four  chil- 
dren were  brought  to  the  Massachusetts  General  Hospital  suffering 


>  Rubner:  Zeit.  f.  anal.  Chemie,  xxx.,  p.  112. 
•  Inaug.  Dissert.,  Basel,  1896  (see  p.  109). 
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from  the  effects  of  decayed  tish  eaten  that  day.  The  blood  showed 
the  following:  (1)  mother:  leucocytes,  21,000,  of  which  95.3  per 
cent  were  polymorphonuclear;  (2)  boy  of  seven  years:  leucoc^'tes, 
19,900 ;  (3)  boy  of  three  yeai*s :  leucocjrtes,  56,800,  of  which  92  per 
cent  were  polymorphonucleai* ;  (4)  girl  of  five  years:  leucocytes, 
32,600;  (5)  girl  of  thirteen  months:  leucocytes,  55,400.  The  red 
cells  and  haemoglobin  were  normal.  All  the  patients  made  prompt 
recoveries. 

COKKOSIVE  ForsoKiNo. 
Carbolic  Acid. 


Ace. 

bex. 

Bedoella. 

White  oelli. 

Percent 
bemofTlobin. 

37 
28 

•  • 

•  • 

lo.aoo 

15,300 

No  signs. 

Arsknic. 


M 


11.600 


ACUTE  ALCOHOLISM. 


It  has  been  shown  ex|)erimentally  that  in  animals  made  drunk 
with  alcohol,  there  is  an  invasion  of  th«*  blood  and  tissues  by  micro- 
organisms from  the  intestine.  It  may  l)e  that  some  of  the  counts 
here  recorded  are  thus  to  l)e  explained. 


Table  LX. — Ac^tk  Alcohomhm. 


Per  ci'm 

Age. 

Sex. 

Ked  (>**11«. 

Whitf  wlls. 

(Tlobtn. 

IU*niark.H. 

81 

44.(M)0 

95 

32.(MK) 

2<1. 

2().(MN) 

•    • 

8<l. 

37 

42.()(M» 

Followcci  bv  (ielirium  tremens. 

r>o 

•  • 

29.NK) 

•   ■ 

Autopsy. 
Dclinuin  tn'mens. 

•   • 

•   • 

2r)JM)0 

«   • 

85 

•    • 

28.WH) 

36 

F. 

15.900 

•    • 

Two     weeks     drinking     hard: 
Temperatun*     102  ;     died 
delirium  tremens. 

88 

M. 

14.200 

74 

Temperatun*  101  . 

PLUMBISM. 
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Table  LX. — Acute  Alcoholism  (Continved). 


Aga, 

Sex. 

42 

M. 

42 
46 

•  ■ 

•  • 

•  • 

82 

44 

•  • 

M. 
M. 

•  « 

29 
87 
60 

«   ■ 

■  • 

P. 
M. 

F. 

•  • 

•  • 

82 

28 

•  • 

M. 
M. 

•  • 

•  ■ 

Red  cells. 


8.986.000 


4.288.000 


•  •••«• 


•  •  •  •  • 


White  cells. 


12.000 

12.600 

11.000 

10.200 

10,200 

9.600 

8.100 

8, 000 

7,800 

7.450 

7,000 

II.JIOO 

6.800 

6.400 

5,700 

5,600 

5,600 


Per  cent 
hsemo- 
erlobln. 


62 


30(?) 
80 


5.' 

62 

65 


68 


Remailcs. 


Temperature  lOr ;  delirium  tre- 
mens. 
Chronic  case  delirium  tremens. 

Delirium  tremens. 


Delirium  tremens. 


December  2 1st. 
Decemlwr  26th. 

Delirium  tremens. 
Autopsy. 
Delinum  tremens. 


PLUMBISM. 

Among  the  deleterious  effects  produced  by  lead  in  the  human 
body,  anaemia  is  one  of  the  most  serious.  It  is  of  the  type  of  ordi- 
nary symptomatic  anaemias  except  in  one  particular  to  which  atten- 
tion has  recently  been  called  by  Grawitz,  viz.,  spotting  or  stippling 
of  the  red  cells  with  fine  basophilic  granules,  which  can  be  well  seen 
in  specimens  fixed  in  absolute  alcohol  for  a  few  minutes  and  stained 
with  Loeftler  blue,  Goldhom's  polychrome,  methylene  blue,  or  other 
basic  dyes.  These  basophilic  granules  are  often  seen  in  various 
forms  of  very  severe  anaemia,  but  in  plumbism  they  appear  even 
when  the  amvmia  is  otherwise  of  a  viild  type. 

The  following  table  exemplifies  the  degree  of  anaemia  ordinarily 
seen: 

Table  LXI. — Lead  Poisoning. 


Age. 

Sex. 

Red  cells. 

Wbite 
cells. 

Per  cent 
haemo- 
globin. 

RemATlM. 

29 
80 

88 
21 

•  • 

■  • 

•  • 

•  • 

4.500,000 
8,800,000 

5,V3b',666 

28.400 
22,800 
16.800 
22,700 
14,800 

50 

48 

64 
59 

Lead  colic  and  headache. 
Eighth  day. 

\ 
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Table  LXI.— Lead  Poisonixcj  {Continnftl). 


Agt?. 

Sex. 

Red  cells. 

Wblte 
cells. 

Percent 
bsraia* 
globin. 

Remsrks. 

40 

14,600 

•  • 

December  28th. 

11,400 

•  • 

Febniarj-  2<1. 
Polynuclear,     71 . 2  per  cent. 
Lymphocytes,  24.6        ** 
EoAinophfU*8,      4.0        " 
Myeloeytt»8,          .2        ** 

21 

12,600 

72 

44 

8,'888.o66 

11,600 

88 

Fit«,  colic,  anaemia. 

85 

8.700.(K)0 

10,000 

50 

Colic. 

17 

8,820.000 

9.200 

48 

Chronic. 

38 

4.258,000 

8.600 

55 

82 

8.208,000 

7,200 

50 

52 

4,221,000 

7,100 

45 

August  10th. 
Polynuch'ar,     72.4  per  cent. 
Lymphwytes,  28.8        ** 
£o8inophiUn(,      2.5 
Myel<H'vt«*8.        1.8        ** 
Megalo\»laHtft,     1. 
Normoblasts,      1. 

4.848,000 

8,000 

50 

August  20th. 
Polynu<*lear,     71.4  per  cent. 
Lymphocytes,  25.6        " 
EosinophiKs,      2.6        " 
Myelocyti»s.          .4        ** 
NormobliiRts,      1. 

88 

•  • 

4,000,000 

5,200 

50 

44 

•  • 

8,a')6.000 

5,200 

45 

40 

•     a 

4.500 

SUNSTROKE   AND   HEAT   EXHAl'STlON. 

The  leucocyte  count  may  be  either  high  or  normal,  according  to 
coiulitionH  not  well  understood. 

SlNSTROKE. 


Arh. 


1<» 
4") 

47 
."»o 


Percent 

lied  celln. 

White  cells. 

luemo* 
fflobln. 

Remarks. 

24.(MH) 

67 

18.4(N) 

•    • 

Two  davs  later. 

'22.H(H) 

•    • 

Temp.. '107  .     Diwi. 

21. (NX) 

lO.(NN) 

•   • 

Temp..  110',  first  «hiv. 

.•).2<H» 

•  « 

Temp.,  104  ,  fourth  day. 

Died. 

lO.(MN) 

95 

10.(KH1 

1    

1 

«2 
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Heat  Exuacstion. 


Age, 

Red  cells. 

White  cells. 

Per  cent 
hipmo- 
globin. 

Remarks. 

•  • 

62 

•  ■ 

84 
54 

24,000 

18,200 

11,000 

9,000 

5,000 

80 

•   • 

75 

Recovery. 
Recovery. 
Recovery. 
Recovery. 
Recovery. 

Temp.,  98. 8°. 

Temp.,  98". 
Temp.,  99°. 

Age, 

25 

Electric 

Shock. 

Wlilte  cells. 
8.900 

24 


PART  VI. 

MALIONANT  DISEASE,  BLOOD  PARASITES, 
AND  INTESTINAL  PARASITE& 


CHAPTER  X. 

MALIGNANT  DISEASE. 
Thk  Rlooi)  as  a  Whole. 

1.  The  specific  gravity  is  ivduced  iii  most  cases,  running  roughly 
parallel  with  the  haemoglobin. 

2.  Coagulation  is  normal  or  slower  than  normal  in  uncomplicated 
cases.  When  sloughing  and  inllanunation  are  present  it  may  be 
rapid. 

3.  Fibrin  is  usually  normal ;  an  increase  means  inflammation  in 
or  around  the  tumor  or  an  inflammatory  (M)mplication. 

4.  Occasionally  the  resistance  of  the  red  cells  is  (extraordinarily 
low.  In  one  of  my  cases  the  ordinary  manipulations  of  prejiaring 
8i)ecimens  (cither  fn*sh  or  film)  for  examination  invariably  mangled 
the  red  cells  lH»yon<l  recognition,  no  matter  how  (juickly  and  can»- 
fuUy  the  t4»chni(pie  was  carried  out.  In  the  fresh  specimen  the  hmI 
wlls  seemed  to  fuse  int^)  each  other  in  chim])s,  tlieir  biconcavity 
lost.  The  plasma  lK»came  turbid  with  haemoglobin  despite  every 
precaution. 

This  was  a  cjise  of  cancer  of  the  kidney  with  multiide  hiemor- 
rhage  from  various  surfaces.  I  have  never  seen  another  (rase  like 
this  one,  but  in  litt»rature  several  such  ai-e  mentioned. 

CANCER. 
lied   Corpuscles. 

As  in  tul)erculosis,  we  are  fnupiently  surprised  to  find  but  little 
diminution  in  the  numlH*r  of  red  cells.      In  all  but  vtMv  advanced 
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cases  this  is  the  rule.  It  is  a  change  of  the  individual  red  cells  (pal- 
lor, loss  of  size,  of  weight,  degenerative  changes),  rather  than  a  re- 
duction of  numbers. 

Nevertheless  in  the  later  cachetic  stages  of  most  cases  of  malig- 
nant disease,  we  do  iind  a  quantitative  ansemia,  the  counts  often 
running  as  low  as  2,500,000  and  occasionally  sinking  as  low  as  in 
pernicious  anaemia.  Thus  v.  Limbeck  records  a  case  (complicated 
by  repeated  hemorrhages)  with  only  950,000  red  cells  per  cubic 
millimetre.  The  lowest  of  my  own  cases  was  1,457,000  per  cubic 
millimetre. 

There  seems  to  be  no  considerable  difference  between  cancer  and 
sarcoma  as  regards  their  effect  on  the  red  cells.  The  following  table 
summarizes  our  cases : 

Table  LXIL,  A.— Gastric  Cancer. 

Red  cells. 

Between  1.000,000  and  2,000.000 6  cases. 

"        2,000,000    "    8.000.000 17  ** 

3,000.000    "    4,000,000 87  " 

"        4.000.000    "    5,000.000 29  ** 

5,000.000    "    6,000.000 21  ** 

Over  6,000,000 4  ** 

Average.  4.090.000+  114  cases. 

Nucleated  red  cells  present  in  11  cases  out  of  114  examined.     Normo- 
blasts always  in  majority.     A  few  megaloblasts  in  8  cases. 

Table  LXIL,  B. — Gastric  Cancer. 

Leucocytes  per  cubic  millimetre. 

Between   8.000  and   4.000 lease. 

4.000  "      5.000 4cases. 

5.000  "      6.000 17  ** 

"          6,000  "      7.000 9  ** 

"          7,000  "      8.000 8  ** 

8.000  "      9.000 8  *• 

"          9,000  "     10.000 9  ** 

••        10.000  "    12.000 6  *• 

*•        12.000  **     15,000 4  *• 

"        15.000  **    20,000 12  •• 

20.000  "    80.000 5  « 

«        80.000  "    40.000 8  *• 

Total,  167  counts  in  86 
Average,  10,600  + 
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Fifty-six  additional  cases  give  the  following  counts : 


3.000  to 

4,000  = 

1 

4,000  - 

5,000  = 

4 

5,000  - 

6.000  = 

7 

6,000  ** 

7,000  = 

14 

7,000  " 

8,000  = 

10 

8.000  ** 

9,000  = 

10 

9,000  ** 

10,000  = 

15 

10,000  ** 

12,000  = 

21 

12,000  - 

15.000  = 

14 

15,000  " 

20,000  = 

14 

20,000  - 

80,000  = 

8 

80,000  - 

40.000  = 

2 

115  counts. 

As  will  be  seen  by  consulting  Table  LXII.,  A,  the  count  of 
red  cells  is  sometimes  above  normal,  doubtless  due  to  concentration 
of  the  blood  from  some  cause.  Probably  the  same  influence  is  at 
work  in  other  cases,  and  many  of  those  showing  normal  counts  have 
really  fewer  red  cells  than  they  should.  Such  abnormally  high 
counts  are  not  rare,  as  the  following  examples  show : 


Author. 

Caae. 

1 
2 
8 
1 
2 

1 

AffrctioD. 

Red  cells. 

Percent 
hflpmofcloMii. 

Osterspey '. . . 

Cancer  of  the  stomach 

5,040,000 
6,184.000 
8.280.000 
5.085.000 
4.918.000 
6.200.000 

80 

Osterapey 

Osterspev. . .. 

Caucer  of  the  liver  and  stomach 
Cancer  of  the  ciiUet 

87 
48 

Neubert^ 

Neubert 

Cancer  of  the  stomach 

Cancer  of  the  liver 

78 
70 

Reinert* 

Cancer  of  the  stomach 

77 

1  wish  to  lay  some  stress  upon  this  jxnnt,  In^cause  it  has  l)een 
stated  by  some  ivrent  wiit<M's  (*.'/.,  (irawitz:  **l*athol()j;ie  des 
Blntfs,"  l^M-lin,  1H\H\)  that  the  red  cells  are  almost  always  dimin- 
ished in  malignant  disease. 

The  hi^h  eounts  in  cancer  of  the  gullet  an*  obviously  to  1m»  ex- 
plained by  the  la<*k  (►f  licpii^l  tjiken,  the  blood  l)eing  greatly  concen- 
trate<l  as  in  aiiv  other  form  <d'  starvation. 

That  tliis  increase  is  not  invariably  present  (set*  Table  LXIII., 
page  .'>S4)  is  doubtless  In^cause  some  <esoj»hageal  tumors  ]>ermit  the 

'DissiTt..  IWrliii.  1^9*2.  -  Iimujr.  I)Ns<Tt..  Dorpat.  1S89. 

--Zilhhin;r<l.  Rliitkorp..^  LHpziir.  1^91. 
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ingestion  of  liquid  in  normal  amounts  and  of  a  certain  amount  of 
solids.  In  gastric  cancer  high  counts  are  usually  due  to  concentra- 
tion of  the  blood  j)roduced  by  vomiting  or  to  the  lack  of  absorption 
of  fluid  accumulating  in  a  dilated  stomach  with  pyloric  obstruction. 

The  highest  counts  in  the  Massachusetts  General  Hospital  series 
are  in  simple  gastric  cancer  without  any  stenosis  at  either  end  of  the 
organs,  and  the  lowest  count  (1, 632,000)  was  in  a  similar  case  just 
before  death.  Taking  all  the  cases  of  cancer  in  this  series  together, 
the  aceratje  of  the  seventyjii^e  rases  at  the  time  ivhen  treatment  began 
was  4^140,000  red  cells  per  nihic  iniUimetre, 

In  Osier  and  McCrae's  59  cases  the  average  red  count  was  3,712,- 
186  per  cubic  millimetre.     Their  counts  ranged : 

Over  6.000,000 8  cases. 

6,000.000  to  6.000.000 7    " 

4,000,000  "  5,000.000 17    " 

8,000,000  "  4,000,000 16    " 

2.000.000  "  3.000.000 8    " 

1,000,000  "  2,000.000 8    ** 

HcBinoglohin. 

Bierfreund,*  who  has  examined  seventy-two  cases  with  regard  to 
their  percentage  of  coloring  matter,  found  that  in  relatively  slow 
and  long-standing  cases  it  averaged  68.6  per  cent,  and  in  the  worst 
cases  57.5  per  cent.  In  cases  of  mammaiy  cancer  after  o|)eration 
the  hsemoglobin  is  of  course  lower  owing  to  hemorrhage,  and  Bier- 
freund  noticed  that  as  a  rule  the  haemoglobin  began  to  rise  toward 
normal  much  later  than  after  operations  for  non-malignant  condi- 
tions— a  week  later  on  the  average  —and  that  it  never  reached  the 
point  at  which  it  was  before  the  operation,* 

The  following  table  from  Bierf reund  is  of  interest  as  illustrating 
these  points.  Cases  were  examined  before  and  after  operation,  and 
the  examinations  were  continued  daily  after  the  operation  until  the 
haemoglobin  began  to  rise  again.  This  occurred  very  late  as  com- 
pared with  other  operations. 

'  Langenbeck's  Archiv.  vol.  xli. 

^This  18  all  the  more  extraordinary  because  Bierfreund  specially  noted 
that  even  in  patients  who  gained  weight  notably  after  the  operation  the  haemo- 
globin (lid  not  rise  so  high  as  it  had  l)een  l)efore  operation ;  he  watched  them 
for  months  after  it.  Apparently  the  actual  presence  of  the  tumors  is  not  the 
only  cause  of  the  lack  of  corpuscle  substance. 
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Per  cent 

h«.no«iobiii 

mtttT 

Per  MO  1 

....^^ 

Malignant  tuiiioT  without 
cuinplicatioii. 

Very  targe  or  rapidly  grow- 
ing tumors. 

Tumors  with  -Boftening"  or 
distarbAQces  of  fimction. 

68.6 
68,8 
67.5 

58 

88.4 
8B.7 

16.  S 
18.2 

17.8 

23     dars. 

27.8  d«7«. 

Total.  72  cases. 

At.,  80 

Av.,4a.8 

17.2 

At.,  as.9 6ay*. 

By  "regeneration  time"  is  meant  the  uumlwr  of  days  el^ieed 
after  ojieration  before  the  hwmoglobin  bet/ing  to  rUf.  After  oper- 
ations fur  other  causes  (uon-inali^iaiit)  tlie  average  regeneratiott 
time  ia  fimrteeii  t<i  tweuty  days. 

It  is  very  important  that  these  rt'sulta  of  Bierfi-eund's  should  bfr 
tested.  lu  Mikulii^z's  snrpcal  elinie  at  Hi-eslau  all  patieuts  have 
their  hemoglobin  tested  regularly.  Osier  and  MHl'rae  in  B2  eases 
of  gastric  cancer  record  an  average  of  49.9  per  c«nt  of  h^mngloblD 
— a  color  index  of  .6;j,     Their  readings  were: 


80  ptr  tent  or  more . . 


60  -  80 a 


Bel(.w90 S 


Beinbach'  examined  16  cases  and  found  the  hieuioglobin  nmgAj 
between  18  to  70  iwr  cent,  with  an  average  of  50  per  cent. 

Rieder's'  cases  average  fiS  ]»er  cent  (sarcoma  much  lower- 
below). 

Laker'  noticed  the  low  hgemoglobiu  percentage  in  malignuit 
tumors  and  thought  it  a  helj)  in  excluding  benigii  tumors  or  taber- 
inilosis,  in  which  the  haemoglobin  is  iau<')i  less  diinintHhed. 

In  the  87  caseM  of  malignant  tumors  in  which  I  have  notes  of  Uie 
hituuoglobin  (sea  tables)  the  average  is  58  j»er  cent.  Comparing  this 
with  the  average  count  of  i-ed  cells  (4,140,000),  we  get  a  color  in- 
ilfx  of  -(Jfi,  (listiiK-tly  higher  than  the  average  of  chlorotic  caaea^  of 
which,  however,  the  tigures  distinctly  remin<l  im.  The  highest  cues 
'  Ijtngenbeck'n  Arrhlv,  ISM.  |i.  4«t. 

•"H<-ltr8)?PE,  KpnDtnissd,  U-iii-ooylonli.,"  U'ipzfg.  1893  (Vogel). 
•Wicri   mcil.  Woth,.  1»86,  Nos.  18  and  16. 


I 
I 
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of  this  series  had  100  per  cent  and  90  per  cent  of  heemoglobin  re- 
spectively, and  the  lowest  20  per  cent  and  22  per  cent ;  in  these  last 
two  cases  the  color  indexes  were  .36  and  .58  respectively,  not  exces- 
sively low.  As  pointed  out  by  Taylor  (Jioc.  cit,)j  cases  of  malignant 
disease  can  be  divided  into  three  groups  with  reference  to  their 
blood: 

1.  Those  with  approximately  normal  blood. 

2.  Those  with  a  low  haemoglobin  but  a  nearly  normal  number 
of  cells. 

3.  Those  with  great  diminution  both  in  cells  and  coloring 
matter. 

Among  our  own  cases  at  the  Massachusetts  General  Hospital 
about  one-half  fall  under  the  second  group,  one-quarter  under  the 
first,  and  one-quarter  under  the  third. 

As  the  disease  progresses,  the  i*ed  cells  and  haemoglobin  steadily 
go  down  (except  in  cancer  of  the  gullet),  and  at  the  time  of  death 
1,000,000  cells  per  cubic  millimetre  is  not  rare.  It  is  very  rare  to 
find  the  red  cells  reduced  below  1,000,000,  much  rarer  than  in  per- 
nicious anaemia.  Improvement  under  treatment  is  rare  in  cancer, 
common  in  pernicious  anaemia.     This  is  important  in  diagnosis. 

The  color  index  usually  remains  below  1.  Compared  to  most 
other  varieties  of  secondary  anaemia  {e.g,^  those  in  tuberculosis  or 
nephritis),  a  quantitative  anaemia — that  is,  a  loss  of  red  cells  as 
well  as  of  haemoglobin — is  relatively  more  frequent.  In  general 
the  degree  of  anaemia  is  parallel  to  the  amount  of  cachexia,  ex- 
cept when  hemorrhage  increases  it  (as  in  tumors  of  the  stomach  or 
uterus). 

How  far  the  anaemia  may  be  due  to  actual  destruction  of  cells  by 
toxic  (?)  products  of  the  tumors  is  doubtful.  Grawitz  found  that 
the  injection  of  extracts  of  cancerous  tissues  caused  in  rabbits  a 
temporary  dilution  of  the  blood,  so  that  the  cells  per  cubic  milli- 
metre were  diminished,  and  it  may  be  that  this  plays  some  part  in 
the  causation  of  the  low  blood  counts. 

Qualitative  Changes. 

(a)  The  average  diameter  of  the  red  cells  is  often  diminished  either 
(as  in  chlorosis)  by  a  diminution  of  the  size  of  nearly  every  corpus- 
cle, or  by  a  less  general  shrinkage,  many  cells  being  of  normal  size. 
The  very  large  forms  seen  in  pernicious  anaemia  are  rare  in  the  anae* 
mia  of  malignant  disease,  and  never,  I  think,  reach  the  size  of  the 
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giaiit  forms  seen  in  the  farmer  wuilitiuii.     Very  small  cells,  < 
other  hand,  are  as  common  iu  advanced  cases  as  iu  ajiy  nther  fan 
of  anemia,  except  chlorosis.     Deformities  and  degi-iierative  ohaiigi 
are  very  common  in  ivc  11-marked  cases,  often   as  gifat  as  in  [lemi-l 
oiouH  amemia,  though  they  may  be  alight  or  absent. 

According  to  Strauer,  the  ili'/'imiifleii  found  in  malignant  tliif 
ease  ara  givater  than  those  fomid  in  any  form  of  tuberculosis,  . 
this  fact  he  thinks  of  value  in  diagnosis.     This  observation  has  b 
confirmed  by  Taylor. 

Diy^ru-nrtim  fhamjiai  are  sometimes  well  marked,  but  seldom,  t 
ever,  reach  so  extreme  a  condition  as  occurs  in  many  cases  of  per' 
nioiouB  aneemia. 

(fi)  yurlcated  rrti  corjiuacle*  are  the  nile  in  all  advanced  c 
and  in  some  others.  Taylor  found  them  in  one-half  of  the  twentjT'l 
two  cases  examined  by  him.  Malignant  disease  differs  in  this  re*  I 
B}>ect  from  tuberculosis  and  most  other  conditions  involving  secondarj'  1 
amemia,  in  that  the  nucleated  red  cells  are  much  more  common  in  I 
cancer  and  may  apjjear  even  when  there  is  no  considerable  Iom  of  ] 
red  cells  (numerically)  or  even  when  the  btemoglobin  is  also  normal 
(Schreiber).  I  have  found  them  in  four-fifths  of  all  severe  cases 
examined. 

As  a  i-ule  the  nucleated  corpuscles  are  of  the  normoblast  tjrpea  , 
(including  small  forms  with  di^'i(Iing  nuclei),  but  iu  very  cacheotio  1 
cases  we  may  find  megaloblasts  as  well — always,  so  far  as  I  know, 
fewer  in  number  than  the  normoblasts.  Osier  and  McCrae  found  I 
no  t>'pical  megaloblasts  in  their  ^d  CAses.  The  megaloblasts,  when  I 
present,  are  in  the  minority  as  compared  with  the  uormoblasttt.  For  | 
example : 

"*■  '^  1 S™  :rB;S'iSu.  i  *»"  >■'»'•  »"•<"'■" «"  ''■"<■■"'>■'»■ 
<^  '"■ !  srr.ssiT  ( »«•»  «■'■""  "—i»K  »>  ""■■ 

Cases  could  easily  be  multijtUed. 

The  characteristics  of  the  blood  rhangea  in  malignant  d 
tlien,  BO  far  as  conceni!<  the  red  cells,  ari'  those  of  secondary  a 
mia,   which    at  times    attains   the    severest   type — but  only  when  ^ 
cachexia  is  marked,  or  when  hemorrhage  c-ompUcates  the  disease. 

The  specific  gravitj-  follows  in  a  general  way  the  heemogloU 
percentage. 
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Ou  the  white  coriniscles  in  malignant  disease  a  great  deal  of  in- 
terest has  centred,  and  very  contiieting  i^eports  have  been  published. 
As  the  effects  of  cancer  and  sarcoma  seem  to  be  somewhat  different, 
we  will  consider  them  separately. 

1.  The  Leucocytes  in  Cancer. 
(tf)   Quantitative  Chuufjes, 

We  should  expect  great  differences  in  the  blood  of  different  cases 
if  we  consider  what  a  wide  range  is  included  between  the  small, 
hard,  slow-growing,  curable  cancer  of  the  lip  which  may  produce 
little  or  no  impairment  of  the  general  health,  and  the  "fulminat- 
ing," rapidly  growing  cases  with  numerous  metastases  and  profound 
prostration. 

The  former  class  of  cases  may  show  a  blood  normal  in  all  re- 
spects, including  a  normal  leucocyte  count ;  while  in  the  latter  the 
blood  may  be  so  profoundly  altered  as  to  be  confused  with  that  of 
pernicious  ansemia  on  the  one  hand,  or  with  that  of  leukaemia  on 
the  other. 

In  a  general  way  it  may  be  said  that  the  more  "  malignant "  the 
cases  the  gi-eater  the  changes  in  the  blood. 

The  effect  upon  the  leucocytes  depends  upon  the  following  con- 
ditions : 

1.  The  position  of  the  tumor. 

2.  Its  size,  rapidity  of  growth,  and  the  number,  size,  and  posi- 
tion of  its  metastases. 

3.  The  resisting  power  of  the  individual. 

1.  Position, — (rt)  Tumors  of  the  gullet  involving  stricture  but 
not  extending  to  other  tissues  are  often  accompanied  by  a  diminu- 
tion of  the  leucocyte  count,  owing  to  the  starvation  which  they  pro- 
duce. This  is  not  true  of  all  cases,  as  is  shown  in  the  accompany- 
ing tables,  but  when  the  leucocytes  are  increased  there  is  usually  an 
involvement  of  other  organs  as  well. 

{b)  Cancers  of  the  uterus  and  some  of  those  of  the  stomach,  by 
reason  of  the  hemorrhage  which  they  produce,  are  apt  to  be  asso^ 
ciated  with  a  very  high  leucocyte  count. 

(c)  Tumors  of  tlie  tliyroid  and  of  the  pancreas  are  said  by  some 
writers  to  cause  a  specially  great  leucocytosis.  In  my  own  experi- 
ence, tumors  of  the  kidney  have  shown  very  marked  increase  of 
white  cells. 
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i^.  Size. — Other  things  being  equal,  the  larger  and  more  rapidly 
growing  tumors  show  in  most  eases  a  greater  leucocytosis  than  small, 
slow-growing  ones. 

Thus  the  cancers  of  the  lip  and  of  the  pylorus,  scirrhus  of  the 
breast  or  of  the  penis,  show  smaller  counts  than  tumors  of  the  liver, 
omentum,  and  kidney,  which  ai*e  apt  to  grow  more  rapidly.  Metas- 
tases in  the  bone  marrow  are  thought  by  some  observers  to  give 
peculiar  qualitative  blood  changes  (see  below). 

In  general,  metastases,  being  a  method  of  rapid  growth,  simply 
add  to  the  leucocyte  count. 

These  distinctions  eliminate  some  of  the  apparent  contradictiona 
between  the  findings  of  different  individuals  who  were  simply  de- 
scribing cancers  of  different  tyi>es.  But  even  within  a  single  type, 
there  are  very  mai'ked  diffei*euces  in  different  eases.  For  instance, 
Alexander'  found  the  leucocyte  count  in  cases  of  scirrhus  of  the 
breast  to  vary  between  2,S60  and  21,700.  Similar  differences  have 
been  repoited  in  cancers  of  the  stomach  (<?.</.,  Schneider'  finding 
leucocytosis  in  all  of  twelve  cases,  while  Osterspey*  in  another  series 
of  twelve  cases  found  leucocytosis  in  only  two). 

J.  ResUting  Power. — Possibly  a  part  of  these  differences  is  ta 
be  explained  by  differences  in  the  resisting  power  of  the  individual. 
But  if  this  is  so,  we  cannot  measui'e  the  endurance  of  a  given  patient- 
by  his  general  health.  As  in  the  Civil  War  the  pale,  city -bred  men 
outlasted  the  healthy  farmers,  so  here  the  tumor's  rapidity  of  growth 
seems  often  to  be  greatest  in  the  most  vigorous  young  individuals, 
while  di'ied-up  old  women  will  resist  its  advance  for  a  longer  period. 

We  come  now  to  the  conditions  to  ])e  found  in  particular  types  of 
cancerous  growth. 

Surprisingly  little  work  has  been  done  on  the  blood  in  malignant 
disease,  such  cases  usually  being  under  the  charge  of  surgeons  who 
rarely  value  such  investigations.  Except  for  scattered  coimts  liere 
and  there,  all  our  knowledge  of  the  corpuscles  rests  on  the  work  of 
Hayem  and  Alexander  in  France,  and  Rieder,  v.  Limbeck,  P^, 
Sadler,  Reinbach,  Osterspey,  Grawitz,  Strauer,  Schneyer,  and 
Schneider  in  Germany. 

"Alexander:  Th^se  de  Paris,  1887. 
Tnaup.  Bissort.,  Berlin.  1888. 
3  Inaug.  Dissert.,  Berlin,  1892. 
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CANCER  OF  THE  BREAST. 

Most  of  our  data  come  from  Hayem'  and  his  pupil  Alexander.* 

1.  Scirrhus  GrowtJis, — Number  of  cases,  14.  Average  leuco- 
cyte count,  11,400.  Highest  count,  21,700;  lowest,  2,360— the 
last  is  somewhat  doubtful  as  to  diagnosis;  except  for  this  case, 
which  was  in  a  very  old,  dried-up  woman,  the  lowest  count  was 
7,400. 

In  10  out  of  the  14  cases,  the  count  was  over  10,000.  In  the  3 
cases  seen  by  the  writer  2  showed  no  leucoc3rtosis,  1  a  considerable 
leucocytosis. 

2.  Medullar  1/  (Encephaloid)  Growths, — Three  cases,  all  over 
10,000— average  11,;300. 

Effects  of  Operation, 

The  following  figures  from  Hayem  are  also  of  interest: 
Case  I. — Scirrhus  of  the  Breast. 

Before  operation 21,700 

Five  weeks  after  operation  (wound  not  quit« 

healed) 10,000 

Wound  completely  healed 6,200 

Seven  months  after  operation 8,990  (beginning  to  rise  again) 

The  growth  recurred  some  months  later  and  leucocytosis  was  again  present. 

Case  II. — Scirrhus  of  the  Breast. 

Firet  Second 

count.  count. 

Before  operation ^ 11,500        11,450 

After  operation 8,500         6,200 

Case  III. — Scirrhus  of  the  Breast. 

First  Second 

count.  count. 

Before  operation 11.000       12,400 

After  operation 8,400 

Case  IV. — Scirrhus  of  the  Breast. 

Before  operation 7,400 

After  operation 1,800 

Case  V. — Medullary  Cancer  of  the  Breast. 

Before  operation 10,000 

After  operation 9,000 

Hayem  considers  that  by  watching  the  leucocyte  count  we  can 

'Hayem:  '^Du  Sang,"  Paris.  1889,  p.  947. 

•  Q.  Alexander:  **De  la  Leucocytosis  dans  lea  Cancers,"  Paris  Thesis,  1887. 
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redict  the  comiug  of  a.  itcurreuti?  Wfurc  any  jihysieal  signs  are 
reseiit.     Thia  lii'  did  iti  Vasv  I.  ui  the  senes  jii»<t  givfii. 

I  have  seen  no  confirmation  or  wfutation  of  this  statement.  It 
ft  one  of  the  many  ]iuiiits  to  which  tin.-  attd'iitioii  of  surgeons  should 
e  directed. 


w 
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CANX-ER  OF  THK  STOMACH, 

Here  we  have  a  iimch  larger  hotly  of  data  to  judge  from.     Thus: 

Hayem'  in  VJ  caties  found  leucocytuMH  iiieseiit  in  5,  alisent  in  7. 

Sclineider*  in  12  cases  found  leu<'oe)'tosiH  in  12  (all). 

Schneyer*  in  18  cases  found  leucocytusis  in  4,  and  these  4  all 
ider  11,000. 

OstersiH-y'  in  12  cases  foiuid  leucocytoeis  in  5. 

Rieder'  in  f>  cases  found  lencocytosis  in  3. 

Sadler*  in  Ui  eases  found  leucocytosis  in  2,  and  in  both  there 
were  complications  (abscess  of  liver,  perforation  of  gullet  with  gan- 
grene) to  which  the  leuw)oytoHiB  might  l)e  due, 

Keinbavh  *  in  4  cases  foiiinl  leueitcytosis  in  2. 

Reinert '  in  2  eases  found  lencocj-tosia  in  2. 

Laache*  In  5  eases  fiiiuid  leucocytosis  in  none.* 

Despite  these  facts  we  have  the  record  of  a  certain  number  of 
single  nases  in  which  the  leucocytosis  has  been  eiionnons.  Kur  iii- 
stancf ,  Welch  in  l'ppj)er'3  "  System  of  Medicine  "  m(;ntioned  a  caao 
in  which  the  ratio  of  white  to  red  cells  was  1 :  25  (nonnally  1 :  730  ±  ). 
Eisi-nlohr's"  case  showed  1  whit«  to  fiO  red,  and  Potain's"  caw 
showed  1  white  to  48  red  cells. 

The  Massachusetts  (.ieneral  Hospital  series  of  8f!  cases  showed 
lencocytosis  in  .'tO  cases  and  none  in  56  (see  Tahle  LXIl.,  B)  Out 
of  those  showing  leuoocj-t<)8is  HO  were  under  12,.t00,  that  is,  the 
leucocytes  were  but  slightly  increased,  leaving  only  20  out  of  86  (or 
'Jity-thrtT  [HT  cent)  in  which  the  leucocyHisis  was  very  marked. 


Du  »tiag.'  Pnris,  ItWB.  p.  W». 
Inaug.  Dtsscrt  .  Berlin.  1802. 
•-Orif^iul-Millhcilungi-n  uiisder  Ktlulk  > 
'I*ngpulKTk'8  Arclilv.  188a.  p.  *ffi. 
■-Die  Aiiftintf.''ChriRtiaiiiH,  18811, 
•Apimn-ntly,  ninrc  he  dmwa  nih-ntlim  in  I 
1  aw.'  of  <-)UicfT  or  lln'  iilenm. 
'"Ih'Ut.  Arch,  r,  klio.  .M«l,.  1877.  v»I.  xx, 
"UuJi   a<-s  Hflii..  1888.  Xo.  57. 


luniig.  IHsM^rt..  HiTlin.  188& 
/xv.  fit. 


tlitre  U  tvucocyioala 
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Among  these  20,  the  highest  counts  were  40,000  and  39,000,  and. 
the  highest  ratio  1 :  62. 

In  this  series  I  have  excluded  all  cases  m  which  there  was  evi- 
dence of  metastasis  in  other  organs;  this  means  excluding  7  cases,. 
6  of  which  showed  leucocytosis,  and  helps  to  account  for  the  low 
average  leucocyte  count  in  the  other  86  cases. 

In  over  three-fourths  of  these  cases  the  diagnosis  was  made  cer- 
tain either  by  operation  or  by  autopsy ;  all  the  others  showed  either 
a  palpable  tumor  in  old  cachectic  patients  with  pain  and  vomiting, 
or  other  equally  clear  evidence  for  the  diagnosis.  Doubtful  cases, 
have  been  excluded.  As  will  be  seen  by  the  table,  in  some  of  the- 
cases  the  counts  were  verified  by  repeated  examinations,  while  in 
others  only  a  single  count — that  made  when  the  patient  entered  the- 
hospital — was  recorded. 

As  a  rule,  the  high  leucocyte  counts  were  in  the  more  cachectic- 
cases;  but  this  does  not  always  hold.  Three  cases  in  Table  LXII.,. 
A,  wei*e  veiy  cachectic  but  showed  no  leucocytosis. 

The  position  of  the  tumor  in  one  or  another  part  of  the  stomach 

seemed  to  have  no  connection  with  the  number  of  leucocytes.     Osier 

and  McCrae  found  no  leucocytosis  in  29  cases  out  of  62.     Their* 

counts  showed : 

Leucocytes. 

Below  5,000 14  cases. 

5,000  to    8,000 15     " 

8,000"  12,000 15     " 

12.000  "  20,000 15     " 

20,000  "  80,000 3     " 

62  cases. 

Their  highest  count,  28,000,  was  in  a  case  with  extensive  hepatic 
metastasis.  The  number  seemed  to  bear  no  fixed  relation  to  the  situ- 
ation of  the  growth,  nor  to  the  amount  of  ulceration,  of  metastasis^ 
or  of  fever. 

On  the  whole,  leucocytosis  is  relatively  infrequent  in  cancer  of 
tlie  stomach,  occurring  in  only  al)out  one-third  of  the  early  cases. 
As  the  disease  {Progresses  we  may  get  a  leucocytosis,  particularly  in 
ease  its  growth  is  rapid  and  metastases  are  frequent  and  numerous ;. 
but  some  cases,  particularly  those  in  which  the  tumor  is  small  and 
grows  slowly,  may  run  their  entire  course  without  any  leucocytosis. 
IxMng  ])resent.  In  this  resi)ect  they  are  like  the  majority  of  small^ 
slow-growing  cancers  in  other  parts  of  the  body  (see  below). 
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Hemorrhage  or  [»erforation  is  of  course  accompanied  by  an  hf 
crease  in  the  uumber  of  white  cells — in  fact  the  highest  coiuit  in  tha 
present  series  {105,(i00)  occurred  in  a  case  in  which  a  cancer  of  tlie  , 
stomach  with  metastases  in  the  liver  perfuratt-d  into  the  peritonei 
cavity  and  Btart^il  a  virulent,  quickly  fatal  peritonitis. 


niGKSTlON   LErcoCYTOSIt*  IX  CANCER  OF  THE  STOMACH. 

A  oonsideraiile  body  of  statistics  has  accumulated  to  show  that   : 
in  the  great  majority  of  caws  of  gastric  caiiwr  the  leiicocytosia  of 
digestion  (see  above,  page  98^  does  nut  occur.     U.  Mullcr'  noticed  I 
tliis  fact  in  5  leases  of  cancer  of  the  stomach.     Scbueyer'  iu  18  cat 
found  it  invariably  absent,  while  in  .H  cases  of  lienigii  stenosis  of  t 
pylorus  a  considerable  digestion  leucocytosis  appeared,  as  was  also  I 
the  case  in  7  out  of  8  cases  of  ulcer  of  the  stomach,  the  excejttioa   ' 
being  a  fatal  case. 

He  found  Iwth  incipient  and  advanced  cases  to  be  similarly  af- 
fected. In  5  of  his  cases  and  in  some  of  Muller's  HCl  was  present 
in  the  gastric  contents,  so  that  the  absence  of  digestion  leiicooytoaia 
was  not  due  to  absence  of  HCl. 

Hartiing'  in  a  series  of  10  cases  (mostly  advanced)  found  no  di- 
gestion Icueo<^'yto8i8,  whereas  a  markeil  increase  occurred  in  cases  of 
malignant  disease  of  other  organs.  Osier  and  McCrae  found  no 
digestion  leucocytosis  in  13  out  of  32  cases. 

Cappa*  in  IT  cases  examined  at  the  Massachusetts  General  Hos-  j 
pital  found  a  digestion  leucocytosis  in  3,  the  increase  Ijeiiig  respwj-  \ 
lively  .1,370  and  .1,8ii0  cells  over  the  count  l)efore  the  lieginning  of 
digestion.    In  the  other  l.'i  cases  there  was  no  incivase  after  a  large 
proteid  meal      Suice  Dr.  ('apps'  article  20  more  cases  have  been 
in  vestigati-d  at  tlie  hospital,  in  ID  of  which  the  digestion  leuooc^  - 
tosis  was  absent.     Thus  in  a  tufnf  of-iT  mxea  onli/  3,  or  eight  ptr 
rent,  nhoirrit   iini/   litgmtitin    Iruroriftiai*.      In   ii   out  of    10   cases  of    , 
chronic  gastric  catarrh  the  digestion  leucocytosis  was  present;   it    i 
was  also  present  in  a  case  of  benign  stricture  of  the  pylorus  in  a 
man  of  forty-nine  on  whom  an  o]>eration  was  successfully  performed   ! 

'Pmg.  mvA.  Woch..  1890,  No,  17. 

•Zctt.  r.  klin.  Med.,  l8fl.V  (i.  473. 

'  Wiener  kitn   W.ich,.  ii,  8»T,  18M- 

'ftifitiin  Misl,  unci  Siirjr   .I.iiinidl   NuvcnilN'r  4th,  18K. 
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later.     The  digestion  leucocytosis  may,  however,  be  absent  in  sim- 
ple debility.     On  the  whole,  it  seems  of  little  diagnostic  value. 

Three  cases  of  ulcer  of  the  stomach  showed  marked  increase,  as 
did  several  cases  of  hyperacidity  and  other  gastric  disorders  (see 
Diseases  of  the  Stomach,  page  300). 


CANCER  OF  THE  STOMACH  WITH  METASTASES. 

Most  writers  have  not  separated  the  cases  with  metastasis  from 
those  without  it.  A  glance  at  the  l^S  cases  of  Table  LXII.,  C, 
shows  that  with  one  exception  leucocytosis  was  present  throughout 
most  of  the  disea.se. 


Table  LXII.,  C. — Canceu  of  the  Stomach  with  Metastases. 


No. 

Age. 

• 

•     • 

Redcplb. 

WhltH 
cells. 

Per  cent 
fflobin. 

Remarks. 

1 

54 

5.539.000 

3.900  a.c. 

85 

Polynuclear,     65  jht  cent. 

4.200  p.c 

•  • 

•  • 

Lymphoc^vtes,  82 
Eosinopliiles,     8        " 

2 

48 

M. 

4.228.000 

5,000 

6.200 
7,300 

70 

•  • 

•  • 

January  28d.     Stomach  and 

liver. 
January  28th,  mealtime. 
January  28th.  three  hours  later. 

8 

66 

M. 

7,000 

70 

February  14th.  no  cachexia. 

5,168.030 

14,400 
19.600 
21.640 

62 

•  • 

•  • 

March  6th,  liver  involved. 

March  12th. 

March  17tli,  cachectic. 

4 

56 

•  • 

8.000 
8.500  a.c. 
7.600  p.c. 

85 

Operated. 

5 

45 

•   • 

3,586.000 

8.100 

60 

6 

28 

•      a 

3,120.000 

9.000 
19.000 

20 

•  • 

Operation. 

Two  weeks  later.     Died. 

7 

60 

•      • 

15.000 

60 

-(-  Liver. 

8 

Adult. 

M. 

8.3,52.000 

16,000 

•   • 

Stomach,  liver,  and  spleen. 

9 

44 

,   , 

4,128.000 

17.100 

40 

+  Liver. 

10 

54 

M. 

4,160.000 

24,000 
24.200 
22.500 

60 

Stomach  and  liver. 

11 

47 

M. 

34.850 

30.600 
ia5,600! 

•  • 

•  • 

November     7th,     cancer     of 

stomach  and  liver. 
November  11th. 
November    14th,    perforation 

peritonitis. 

12 

41 

M. 

4,278.000 

10.000 

57 

Stomach,  liver,  and  glands. 

13 

88 

M. 

5,432.000 

10.190 
13.653 

52 

•  • 

January  6tb.      Stomach  and 

liver. 
January  12th. 

January  22d,  died. 
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CANCER  OF  THE  GULLET. 

Most  authors  are  agreed  that  no  htrrmsn— id  fact  usually  a  de- 
crease— of  white  cells  is  the  rule  in  this  disease.  Thus  Rieder 
found  6,900  id  one  case;  Oslcrspey's  two  cases  showed  no  leucocy- 
tosis,  and  Escherich  and  P^  found  similar  results.'  This  is  prob- 
ably due  to  the  fact  that  the  position  of  the  tumor,  by  causing  star- 
vation, tends  to  lower  the  leucocytes,  while  it  belongs  to  a  class  of 
small,  sluw-growing  cancers  which  do  not  as  a  rule  tend  to  produce 
leufofj-tosis. 

Nevertheless,  ten  of  the  eighteen  cases  in  the  Massachusetts 
General  Hospital  series  (see  Table  LXIII.)  itld  have  leucocytosis, 
perhaps  owing  to  some  metastasis  or  complication.  Three  others 
showed  a  leucocytosis  lat«r. 

TaBI.E   LXIIL — CANfTER  OK  TUE  OlTLI.KT. 


Pernnl 

No. 

Aw 

fel. 

B«l.*lls. 

WhlU-wlta. 

giobtii. 

Banula. 

~T 

32 

■1.400 

a 

AO 

6.400 

s 

sn 

M. 

8.488.1)00 

a.800 

6.S00 

100 

Maylllh. 
Mhv  lOili. 

4 

-Ifl 

F. 

T.IMK) 
111.600 
.■>.400 
«.HOl) 

ii.rmo 
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Ot-l.lUr  Ifllli.  iMTniT  food. 

Ocl.llHT  lOlll,  BfllTfood. 

r. 

«2 

4,044,000 

i:i!7.'ii) 
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m 
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a 

«1 
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T 

M 

M. 
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.'iO 
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H      U 

M. 

4,920,000 

K.T-'.-i 

»     M 

M. 

II.IIHI 

tlN 

W     ,-.1 

U).*M1 

tl      IL') 

ll.WNI 

]?    m 
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II.NMl 
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llii'iimlurlu  tklBO. 

lit     411 

O.fiW.ntlb 

11. WW 

IMI 

V. .. inline 

14      47 

|!I.70fl 

70 

1.-.     47 

M- 

l-V4(K) 

NO 

in    :» 

M 

I.MHMl 

m 

M 

4-«04.il'MI 

10. 4m 

(H) 

n,irinv'.litr.«lioo. 

IM 

:w 

y- 

i.rm.mn) 

■"■"'•" 

M 

ilif  iHilymiirplioDucltar 
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CANCER  OF  THE  LIVER. 
(See  Table  LXIV.) 

Out  of  forty -two  eases,  leucocytosis  was  present  in  twenty-five, 
others  showing  a  leucocytosis  later— a  larger  proportion  than  in 
gastric  cancer.  The  cases  were  not  all  primary  in  the  liver  or  bile 
ducts,  but  none  originated  in  the  stomach,  and  in  all  the  greater  part 
of  the  growth  was  in  the  liver  itself. 

The  comparatively  great  diminution  in  the  red  corpuscles  will  be 
noted  in  the  Table  XLIV.  The  condition  both  of  red  and  white 
cells  is  doubtless  due  to  the  rapid  growth  of  tumors  of  the  liver  as 
compared,  e,g,j  with  those  of  the  stomach  or  lip  (see  below). 

Table  LXIV.  — Canxer  of  the  Livek. 


Red 
cells. 

Percent 

Age. 

• 

M. 

White  cells. 

luemo- 
frloblD. 

Remarks. 

A5 

4,170,000 

5,0(10 

■  • 

Bile  ducts  =  startloir-polDt.    Autopsy. 

61 

M. 

3,824,000 

5.200 

52 

42 

•  • 

6200 

•  ■ 

Autopsy. 
Bile  ducts. 

52 

•  • 

6,'idd,bbb 

6,800 

80 

60 

«  • 

•  ••■•••• 

7,400 

44 

F. 

4.953.000 

7,800 

68 

January  4th,  1806.    Autopsy. 

1 

.j;784,000 

19,700 

68 

February  12th,  1896. 
Operated. 

fi9 

M. 

4,570.000 

8,(K)0 

•  • 

31 

F. 

4,572,0a) 

8,000 

62 

50 

•  • 

8,300 

63 

40 

•  • 

8,500 

•  • 

Gall  bladder. 

Ti 

M. 

4,'lO(M)ijb 

9,000 

60 

•  • 

9,0»)  a.c 
10,400  p.c. 

•  • 

Bile  ducts. 

62 

•  • 

9,100 
9,100  a.c. 
8,.t00  p.c. 

76 

54 

M. 

4,072,000 

9,.')00 

•  • 

Diff.,  1,000  cells :  polv.,  82.4  ner  cent :  small 
lymph.,  8J>;  large  lymph.,  8.1 ;  old  lympho- 

cyte,!. 

42 

>  « 

5,600,000 

9,600 

66 

Gall  bladder. 

35 

M. 

3,800,000 

12,500 

9,8(10 

22.U0() 

•  • 

November  6th  S     *"">I*y- 

44 

•  ■ 

3,7:J2,000 

9,800 

20,000  a  c. 
18,800  p.c. 

40 

December  5th.    Poly.,  75  per  cent ;  lymph.,  22 ; 
eosinophiles,  8 ;  reds,  pale  centres. 

December  21st. 

•  • 

M. 

4,108,000 

9,970 
11,200 

45 

January  Ist,  18B6. 
January  3d,  1866.    Autopsy. 

67 

■  • 

4.176,000 

1(1,200 

66 

65 

M. 

ia3no 

68 

67 

a    • 

3,*H56,i)b0 

10,400 
ll,4<X)a.c. 
1(1600  p.c. 

80 

Poly.,  68  per  cent;  lymph.,  30;  eodnophiles,  2. 

40 

•    • 

10,400 

60 

Operated. 

50 

M. 

:Va«l,iiiil» 

10,8(10 

•  • 

Primary  in  bile  ducts.    Autopsy. 
April  20(h.    Bile  ducts  and  gall  stones. 

64 

11.200 

•  • 

V*^V-A)  a.c. 

April  26(h. 

14,750  P.O. 

57 

M. 

11,150 

50 

47 

12,200 

05 

70 

•  • 

1.3.0(K) 
28.40H 

•  • 

January  20th.    Jaundiced. 
January  28th.    Died  January  80th. 

•A\ 

•  • 

i:i,6(K) 

43 

M. 

•i.iticMW) 

14.100 

•  • 

July  17th.    Autopsy,  July  19th. 

2.') 
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Table  LXIV.— Cascer  ok  TirK  Livkr  (Continued). 


Age. 
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Rm 

WM^cell. 

P»rn;nl 

,...„.> 

» 

3.ins.wu 

I4.a» 

47 

Mai.uM) 

86 

JaniuiTSlUi. 

►■ 

« 

V 

F. 

S.WI>,IO) 

W 

"■ 

1M«I 

aunnp-r. 

GH 

^3.t 

2jet.«<i 

polillorvUBU*. 

k; 

:l.iai.liw 

Jiuiu.rr  i.-rth.  iwi. 

..(.«.,«, 

J« 

• 

FM 

2H000 

« 

tt 

u 

4 

t 

s 

« 

u 

u 

11  lis 

M 

-^ 

/ 

»,00l> 
18.0(M 
W,UW 
14,000 

/N 

f 

^ 

/ 

s/ 

/ 

, 

10,000 

H 

s/ 

Dli 

i4a 

lUU  1 

Fill.  X:    Chin  i>f  Lranii'jtni  In  ■ 


CANCEIl  OF  TllK  IXTKSTISR. 


Here  the  oouiitM  range  Iwrtli  high  uiiil  In 

Hayein'  fnunil  raiicir  of  t.lie  rectum  ti 

Ojtes.     Kt'iiihacli "  foiimi  in  thrfe  caHOH  iif  v\ 


Hhdw  only  l),riO(>  leuoo- 
in'r  of  till!  ivi'tuiu  mod- 
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erate  leucocytosis. '     Only  ten  of  the  twenty-five  cases  in  our  series 
(see  Table  LXV.)  showed  leucocytosis,  and  in  one  of  these  there  waa 
a  complicating  pylephlebitis  which  probably  raised  the  count. 
The  red  cells  show  little  change. 


Table  LXV.— Canceh  of  tre  Intestine. 


Porwnt 

i 

^ 

Itedi-ella 

binnu- 

Remarks. 

£ 

s 

KliiliLn. 

1 

1b" 

H. 

<,IUI.IUU 

is.:iii 

IW 

CaiH«r  of  duodeul  papilla  wltb  pylvptalotiltli. 

41 

f 

A.Iii)M>lll 

.M«Ai) 

15 

i 

31 

M. 

i.w;i.iiuii 

M,««l 

Cannr  rif  hHpMK  fleiuir.    Opent«d. 

33 

M. 

4,3«H.II«I 

s,«n 

KJ 

Cam-M-ufraloii.    Upvnk^. 

( 

SB 

P. 

3» 

rani'^r .,( L-mTiin.    Xuloi.)-. 

«A 

t!»l.<lll) 

io 

r-* 

5,«a..«. 

liOfiO 

i 

w 

H. 

i.ii«i.rtw 

» 

C»tiwrorrerluiii.    Ilprrmtlun. 

1 

H 

H. 

10 

UeUslaws.  pDuiin'  In  ilgniutd. 

in 

% 

M. 

5S 

ti 

t! 

r. 

aain 

« 

CHirer<iInHuai. 

M 

S 

M. 

h,m 

73 

Cniwotwum.    OpnuOun. 

13 

ES 

H. 

lai!!! 

T.1C0 

Oinwrotriwum. 

" 

l» 

iiiiiiiii 

Km 

10 

nwenib>-r  :ih. 

DHvailKTSih.    P.>l;nurl«ir.(l5,flperc*>Dt;  Ijin- 

3.8«.nno 

I1.T00 

10 

Oiwmberilit. 

16 

f& 

H.HOa.c 

lo.mo  P.C 
rwoiuf. 

UrVtMS-  OfXUTV. 

18 

" 

a.5ot.a]u 

fiO 

HewlK'  nenu:  .■-    Polynui'ltar.  mi  per  moe  i  lyin- 

83npj. 

17 

0) 

7J500 

SO 

T.fCO 

Urt 

3;siit.iiib 

fi.HUO 

Operated. 

SI 

M 

4JSB4.«10 

•Hwn 

88 

21 

15 

3;»<.)n) 

tl.anu 

as 

Si 

IT 

13.nirl 

asi 

JJoBliiM) 

R70f» 

« 

a 

M 

S-™" 

HeeUl  and  omenlal. 

% 

ffi 

T5 

The  nineteen  cases  seen  at  the  Massachusetts  General  Hospital 
in  which  cancerous  tissue  was  pretty  generally  distributed  through 
the  abdominal  organs,  all  showed  leucocytosis  with  six  exceptions 
(see  Table  LXVI.,  A). 


'  Apparently — that  b.  the  percentage  of  adult  cells  w 
not  couDt  lb»  iaocpcf  tea  u  a  whole. 


9  iacreased.    He  did 


388 
Table  : 


SPEl'IAL  PATHOLOGY   OF  THE  BLOUD. 


P«r«i,. 

Itlublu. 

Ml 

MutiHlIx 

•SSSSti:  ^i,!"-"^  '■■ 

*««". 

d 

"■ 

«,B8n,nn 

80 

OctHlwr  l*h,    P<>lrnw-lMr,»|icranili  irv. 

47 

« 

K 

Fi-btTOTT  1«h. 

nstat 

AdDlL 

Y 

iananoD '  turn 

lS!Ss:i'=Ti.«r'w„,««.. 

CANCEK  OF  THE  KIDNEY. 
Of  ten  oitM's  which  I  ha%-p  examined  (aee  Table  LXVI.,  K)  eight 
sliowe.l  large  leue.wy  t*;couiits-viz..  ll',9W),  19,980,  'Jo.OOO,  27,000, 
l'8,.'iO0,  4»,100,  82,000,  ani)  91,000.  In  thi'ee  of  these  casva,  how  ] 
ever,  the  tuiuurH  may  have  been  sarenuiata,  a»  no  QiicroKcopicgl  ex* 
aiiiiiiatioti  wan  uiade.  Most  of  the  oases  had  fever,  chills,  and  ingns 
iif  iiiflaiiuuatiou,  which  may  account  for  part  of  the  leucocytosia. 


Taui-k 

.XVI,,  B 

—Cancer  ("B  Sarcoma)  nr  Kiunkv. 

i 

1 

i\-- 

WbiWrMla. 

PBTHlBt 

Hr*ln. 

^.^ 

■ 

n 

..  1  IkSWIUI 

;:|wiwni 

KIOO 

aim 

*' 

a^SSL. 
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Tablk  LXVI..  B.— Cancek  (or  Sarcoma)  or  Kidkrt  (Continvtd). 


i 

i 

1 

BfHi^lls. 

White  .-ells. 

,..,.„.. 

! 

7 
9 
» 
10 

2 

67 
4S 

SO 

M. 
F. 

F. 

P. 
F, 

3.-.W.IW1 

3.aflo.«io 

IS  J,,. 

ST-IO) 

28.5110 

W.10O 

83.0111 
WI.IIU 

as 

Han'ritlU.    Pnlrnuc-lear.  T3  i*r  wul.:   ITDipho- 

»»&■""■""""■'■ 

mnSS^iui  count  of  tWlMlUi:    Polymiclear.  «h9 
DinBTsntlml   TOuniof  aWrellii:    P.Hinuc1e«r.  IM 

s5'ppii^"l^^''t»>ni»-    Dinmnttol  rount  of  500 
eeOi:    Polrnucleir,  Sl.K  per'-Mit.:   mnaJl  Ifm- 

pinittki.    Ai'ilopty.     ■''"'■       ■ 

wfli;    Pnlyniiclew.aS.SpiTwni.:  lympbocjlfifc 
ejt:   niTrlnrrU!*.  'B:   normoblun*.  £;   metnlo- 

biut.  1,   Aiiionir. 

Julv  xih. 

Polniuc'leBr.  «*  per  crnt.;  lymphocrtM.  8. 

Yon  Limbeck's'  case  mounted  steadily  from  18,614  to  80,541. 


CANCER  OP  THE  UTERUS. 

In  six  cases  Hayem*  found  no  increase— the  counts  ranging  from 
4,575  to  9,500  with  an  average  of  7,800. 

Rieder,'  on  the  other  hand,  in  a  single  case  found  .30,800,  and 
the  seven  cases  counted  at  the  MassachuHetts  (reneral  Hospital 
showed  a  leucoeytosis  in  five  (see  Table  LXVII.,  A). 

There  is  need  of  more  data  on  this  subject. 

Table  LXVII.,  A,— Cancer  of  the  Uterus. 


i 

l:;: 

IB       F. 

51       F. 

1!   5: 

Rsd 

While 

Slobln. 

Reinuta. 

i 

4 

IE 

an,™ 
31  .wo 

TS 

Flrat  diT. 
mini  day. 

OrtoberSBth. 

rent:    ismtU.    iTinpliocyU*,    II.T;    •nlno. 
Untw  tik>rt«d :  BiiurlB  nine  iUts.  Aulopsr- 

? 

S.»«.f»0 
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Table  LXVII.,  B. — C'aaxer  of  the  Ovary. 


• 

Arc. 

1 

•  • 

F. 
F. 

White 
cell*. 

Perwnt 
bfpmo- 
globlD. 

Remarks. 

1 

2 
3 

•  • 

3.532,(IU0 
3,34K,0a) 

ltt,400 
32,  WU 

5U 

•  • 

Operation. 
Operation. 

Cancer  op  the  Prostate. 


1 

68 

•  • 

3./»8,000 
2,212,000 

2 
8 

45 
61 

M. 

•  • 

9,200 
11,000 


10200 
18,000 


as 


December  13tli. 
December  19th. 

P(»lTnucl(«r,  74.4   per  cent;   l7mpbocjl6i» 
2i.6;  eoHlnophilea,  2. 


1  I    51    I  M. ;  7,000,(M) 
8,000,000 


Cancer  op  the  Lip. 

8,300      I  I 

Cancer  of  the  Brka«t. 


1 

31 
? 

F. 
F. 

8 

? 

F. 

4 
5 

57 
00 

•  • 

•  ■ 

5,200,000 


H,20() 

Not 

incmifted. 

Marked 

IncriHuie. 

l*i.2ri) 

1H,(IN) 
14,UU0 


68 


Differential  count  of  600 cells:  Poly.,  72.4  per 
p«T  cent ;  hmpbocytes,  25.4 ;  eosinophlm. 

Differential  count  of  400 cells:  Poly.,  89  par 
cent ;  lymphocytes,  11. 

Fintt  day. 
Third  day. 


Cancer  op  the  Neck. 


1  1    42 


Marked 
incmuie. 


Poly.,  W.5  per  cent. 


1 

55 

M 

2 

M 

M 

8 

8i 

M 

I       •  •   •   •   < 


Cancer  of  the  Pancreas. 

70 


lH,:»ii 
i:.«!iin 

l.\i«H) 


'  M«'ta!<taj*«»H. 
I  LtvtT  and  spleen  also, 
(ieneral  |>eritonitl8. 


II    62    I  F.  I 


1  I    59    I  M. 


Caxceh  ok  Vektkbile. 

..'     i:i,a»»  ..      I 

Adkxoma  ok  thp:  8rrKAKKNAL  Body. 

..  '      24,21  «>  Autopsy. 

Mediastim'm. 


•  •••••  I 


5,a«,ooo 


7t) 


•   •  •  • 


I  •  •  •  • 


•  •••••  I 


»a 


4,7«i»,«H» 


lo,:u» 

12.HII) 
14,000 


1».2III 

i:>,H«) 

14.(iil) 


70       I  April  20fh.    Pnlynuj'lear.    87  per  cent. 


30 


]  April  litHh.    Lvniph«MVte»,  12 

I  April '-Tth.     K««*lnophllei»,     1        ** 

Muv  l?*t. 
<  July  7th.    Sthrture  (itM*pba^us.    Larynx. 
,  July  iMh.    NMttUto|itiy. 


Skill. 


ren't»nil. 
Mav  7th. 
Mav  Jliil. 
Mav  :>tli.    Metastases. 


Gknkkal. 


70 


I 


Multlplf  inyel<»nia.    (Wrlpht.) 
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Cancer  of  the  flp  has  apparently  been  neglected  so  far  as  blood 
examination  is  concerned.  Hayem,  Kieder,  and  Keinbach  give  but 
one  case  each,  the  counts  being i-espectively  7,000,  11,<>00,  and  "not 
increased."  In  a  single  case  at  the  Massachusetts  (General  Hospital 
1  found  (),300. 

The  following  scattered  counts  may  be  added :  Cancer  of  tongue, 
7,000  (Hayem) ;  cancer  of  scrotum,  (5,700  (Hayem) ;  cancer  of  navel, 
7,100  (Hayem);  cancer  of  larynx,  7,1^00  (Hayem),  16,000  (Rein- 
ba(*h);  cancer  of  ovary,  25,000  (Massachusetts  General  Hospital) 
and  "no  increase"  (Keinbach) ;  cancer  of  neck,  20,000,  Massachusetts 
(ieneral  Hospital,  and  no  increase  (Reinbach);  cancer  of  pancivas: 
Hayem,  2  cases -9, 400  and  9,900;  Schneider,  1  ca.se -12,000; 
cancer  of  vagina,  9,800  (Rieder) ;  cancer  of  j)enis,  7,000  (Hayem) ; 
cancer  of  thyroid,  70,000  (Hayem)  (a  very  rapidly  growing  tumor) ; 
cancer  of  media.stinum,  "  marked  increase  "  (Reinbach) ;  cancer  of 
prostate,'  10,200. 

Qualitative   Chanyes  in  the  Leueocytes. 

1 .  The  iHjrcentage  of  polymorphonuclear  neutrojihiles  is  usually 
high  in  cases  with  leucocytosis  and  normal  in  those  without  it.  This 
rule  holds  for  perhaps  three-fourths  of  the  cases,  but  there  are  many 
excei)tions  to  it.  For  instance,  Taylor'  reports  27,840  leucocytes 
with  iSi).^  i)er  cent  polymorphonuclear  cells,  14,800  leucocytes  with 
()().2  per  cent  polymorphonuclear  cells,  25,000  leucocytes  with  r)8.2 
per  cent  polymori)honuclear  cells,  45,000  leucocytes  with  48.7  i>er 
cent  polymorphonuclear  cells,  the  last  a  marked  lymphocytosis. 
On  th*»  other  hand,  he  found  88.7  per  cent  of  polymorj)honuclear 
(^ells  in  a  total  leucocyte  count  of  «S,000.  My  own  experience  is 
siniilai* — i.e.^  88  per  (^ent  of  polymorphonuclear  cells  with  a  total 
count  of  7,800  leu(*ocytes,  though  I  have  never  seen  so  marked  a 
lynij)hocytosis  as  was  jn-esent  in  Taylor's  ca.ses.  He  also  noted  a 
rt'lative  increase  in  the  large  lymphocytes  which  my  counts  have  not 
shown.  (Jsler  and  ^Mc^Crae  found  an  average  of  81  per  cent  of  poly- 
morphonucleiu*  (jells  in  22  cases,  the  higher  jH»i*(»entages  being  in  the 
cases  with  highest  total  leucocyte  count.     These  writers  confirm  the 

'  nniun  (Wien.  med.  Woch.,  1S96,  p.  582)  mentions  a  cancer  of  the  prostate 
in  which  the  leucocytosis,  instead  of  being  made  up  mostly  by  the  adult  leuco- 
cytes, was  assiK'iated  with  a  large  increases  of  the  small  lymphocytes  together 
with  numerous  eo8inoj)hilic  myelocytes. 

'Taylor:  Intemat.  Mwl.  Mag.,  July,  1897. 
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observatiou  of  Taylor  that  the  lai-ge  monoimelear  aiid  transiticM 
leufocytes  are  oftt-n  relatively  increased  iu  iraueerous  disease, 
lor  found  in  15  cases  with  leia-ocj-tosis  an  average  of  19. ;i  j>er  u 
of  these  cells  aud  in  G  cases  without  leucocytosis  !!(>  ]>er  ov 
Eight  of  these  cases  were  eaiicer  of  the  stomach — the  reuiaiudcfl 
cancer  of  other  organs.  All  were  caebeittic.  Osier  aiul  Mc<'nw  i 
£2  eases  of  gastric  cancer  record  an  average  of  8,i>  jxr  cent  of  larg 
mononuclear  and  transitional  varieties.  They  d»  not  agree 
Taylor  in  believing  the  excess  of  these  cells  is  sufticieut  to  be  ( 
diagnostic  \'alue. 

Reiiibacli  found  in  8  cases  with  leiicocytusis  89  per  cent  i 
cases  and  87,  8(>,  Uli,  81,  80,  and  77  per  cent  in  others.  Iu  I 
Massat^husi^tts  (ieneral  Hoa]iitaI  series  the  following  percent^ 
occurred:  When  no  leiieocytosts  was  present,  88.7,  88,  8(i,  ' 
62.  n,  62,  <>0,  r>7  i)er  cent,  etc.  With  leucocytosis,  9fi,  98,  92, 
90, 88,  87.  8rj,  84,  83,  74  per  cent,  etc.  (see  Tables  LXIl.,  LXJVJ 
LXVI.,  LXVIL). 

2.  Euainuphilex  are  not  always  notably  deci-eased  (as  tliey  are  i 
many  utber  leucoej-toses)  nor  ai*  they  increased  except  when  1 
metastasis  occurs  (see  below).  In  Eembaoh's  IR  ca-ses  the  aven 
jjeroentage  was  2-|-  per  ivnt.  In  Osier's  22  caaes  it  was  1,1  [ 
cent.  In  the  Massachusetts  (ieneral  Hospital  eases  the  average 
was  1.2  iwvcent,  lint  in  7  of  the  JW  cases  in  which  differential  counts 
were  made,  no  eosinophiles  were  seen. 

3.  Mi/rlnfi/trn.  — I'erliaps  more  coiuuionly  thau  in  other  conditiontj 
except  leukfemia  and  pernicious  antemia,  we  tind  in  malignant  di» 
case  small  per<>entages  of  myelocytes,  a^  the  folluwinft  cases  sliowlJ 

Cask  I.  — Extensive  abdominal  cancer ;  great  cachexia.     Six  liun.'^ 
dred  cells  showed : 

PiJynu(.l<-ttr  iH-utmpUflw 89.4 

LymphiM'ytn 10. 

BodDopUiles 1 

MyelopylM  (8  f  n  600  cells) S 

Cask  II.— Cancer  of  uterus;  marked  cachexia  aud  leucocytosia  1 
One  thousand  cells  showed : 

Pnlynucl<-«r  nciitrupliiles 88  8 

Lymplincyteii 17.8 

Mp-WytM  r4  In  l.flOO  cells) 4 

Cask  hi,— Cancer  of  uterus;  died  two  days  lat«T.     E<h1  t 
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puscles,  7,000,000;  white,  62,000.     Considerable  stasis  helps  to  ex- 
plain the  count.     Differential  count  of  600  cells  showed : 

Per  cent. 

Polynuclear  neutrophiles 98 

Lympliooy  tcs 6 

Eosinopliiles 0 

Myelocytes  (5  out  of  500) 1 

Case  IV. — Cancer  of  liver,  jaundice,  and  cachexia;  died  soon 
after.     Differential  count  of  600  cells  showed: 

Per  cent. 

Polynuclear  neutrophiles 92. 

Lymj)hooy  tes 6. 

Small  niyeloc3'tes 1.3 

Large  myelocytes  (4  in  500) 8 

Cask  V.  —Cancer  of  abdomen;  cachectic.  Differential  count  of 
1,000  cells  showed: 

Per  cent. 
Polynuclear  neutrophiles 82. 

Lymphocytes 16.6 

Eosinopliiles 1. 

Myelocytes  (4  in  1.000) 4 

Case  YI. — Cancer  of  stomach,  liver,  etc.,  with  perforated  stom- 
ach; cachexia.  Leucocytes,  105,000.  Fifteen  hundred  cells 
showed : 

Per  cent 

Polynuclear  neutrophiles 90.7 

Lymphocytes 4.8 

Eosinophiles 2 

Myelocytes  (68  in  1.500) 4.8 

Case  VII. — Cancer  of  uterus;  cachexia.     In  1,000  cells  there 

were: 

Percent 

Pol^'nuclear  neutrophiles 88. 

Lymphocytes 11.7 

Eosinophiles 2 

Myelocytes 1 

Case  VIII. — Cancer  of  kidney;  great  cachexia.  In  1,000  cells 
there  were : 

Percent 

Polynuclear  neutrophiles 92.9 

Lymphocytes 6.2 

Myelocytes 9 
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Case  IX. — Cancer  of  kicbiey;  great  cachexia.     Leucocytes,  27,- 

000.       Five  hundred  cells  showed : 

Percent. 

Polynuclear  Dcutrophiles 66. 

Lymphocytes 29.5 

Eosinophilcs ...     2. 

Myelocytes 2.5 

Cask  X. — ('ancer  of  liver.     Five  hundred  cells  showed: 

Percent. 

Polynuclear  neutrophiles 92. 

LymplxK'vtes 5.8 

Eosinophiles 2 

MyelfK-y  tes 2. 

Al)out  one-lialf  of  all  the  cases  of  cancer  examined  by  me  have 
shown  niyel()cytt»s. 

Epstrin'  in  a  ease  of  cancer  with  metastatic  bone  nodules  noticed 
large  nunibt»rs  of  nucleated  corjmscles  (nonnoblasts  and  megalo- 
blasts)  and  myelocytt^s,  but  I  think  the  association  was  a  mere 
coincidence,  since  I  find  that  myelocytes  and  erythroblasts  are  very 
commonly  pn»sent  in  cachexia  from  any  cause. 

HAHCOyiA. 

In  general  the  effects  of  sarcoma  are  like  those  of  cancer,  but 
irnrst'.  (ii-eat  auieniia  and  hight»r  leucocyte  counts  are  the  rule. 
The  literature  of  the  subject  is  rathe:*  scanty. 

/iV//  f  V//.V. — llayeui  in  a  case  of  ostensan'ouui  counted  the  red 
cells  at  <)r).'^,400  i»er  cubic  niillinietn*. 

Laker'  descrilM»s  an  *'alMloininal  cvstosarctuiia  "  in  which  two 
counts  of  red  cells  showi'd  1>,8(H),0<K)  and  L\."i4M),<MM). 

Villi  LimU'ck  '  in  1  case  found  1,118,000,  and  in  another  2,240,- 
000.      Both  wt»re  osteosarconiata. 

Sadler*  in  .3  cas.'s  found  2,710,(M)O,  :J,ri;i7,<K)0,  4.."iOO.000. 

Kifder*  in  .*>  cases  (all  osteosarconiata)  found  l,S4r»,ir»0,  .S,700,- 

o<M),  and  ;j,oor),ooo. 

The  Massa<*husetts  (General  Hosj>ital  blo<)d  counts  include  19 
casrs  in  which  th«*  red  ct-lls  w^n'  counted  (See  Tabl»*  LXVIIL,  A  and 
l^^.  the  avrraj:*'  In^ini:  4,400.000,  not  nearly  so  low  as  that  recorded 

'  Wii'iHT  nud.  I*n"iS4\  DtTfinlHT.  1S*I4. 

•Wirii  in.-.i   w.nh    l^st;.  p.  9,v».  •  A*'.-.  ./V.  p  :W:r 

*  ^*-  --if    pp  :is.  :u».  *  A'V.  ct'f..  pp.  iW.  100. 
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by  other  observers ;  still  low  counts  occurred  (2,706,000,  2,637,000, 
3,842,000). 

The  qualitative  changes  in  the  red  cells  consist  (as  in  cancer)  of 
the  "  degenerative  "  changes  (deformities  in  size  and  shape,  englob- 
ular  changes)  present  in  marked  cases,  and  the  presence  of  nucle- 
ated corpuscles,  when  cachexia  is  marked. 

Table  LXVIII.,  A.— Sarcoma  with  Leucocytoms. 


Per 

• 

Age. 

• 

H 

Red 
cells. 

White 
ceilB. 

cent 
baemo- 

Remarin. 

2; 

•    •    •    • 

f^iobin. 

1 

4,188,000 

06,000 

Polynuclear  cells,  90.2  per  cent. 

2 

•    •   •    • 

4,312,000 

25,000 

32 

Polynuclear  cells,  80.9  per  cent. 

3 

•    •   •   • 

4,ooaooo 

44,600 

42 

Polynuclear  cells,  70  per  cent  (infant  of  twenty 
tnontlis). 

4 

21 

F. 

2,708,000 

56,(NK) 

Sarcoma  of  kidney.    Autopsy. 

6 

ai 

F. 

4,500,000 

17,000 

65 

Melanotic  8ar(x>ma  of  all  abdominal  onrans  (bone 
metastasis?).   November 80th,  1896.    Differential 
count  of  600  cells:   Polynuclear,  71   per  cent; 
small  lymphocytes.  11 ;  lanre  lymphO(^tes,  5JB; 
eosinophiles,  12.4  (!);  myelocytes.  4. 

23,900 

December  7th. 

83,400 

December  18th. 

37,9U) 

December  19th. 

41,200 

33,000 

December  2ad. 

36,000 

December  a6th. 

40,2U0 

January  1 4th. 

55,400 

January  28th. 

6 

46 

M. 

4,700,000 

16,000 

i9,aio 

Sarcoma  of  abdominal  orsant* 
Three  days  later.    Autopsy. 

7 

32 

M. 

2,630,000 
2,9(K),000 

24,000 
21,000 

.50 

General  sarcomatosls. 
One  week  later.    Autopsy. 

8 

24 

M. 

4,352,000 

13,600 

Sarcoma  of  kidney. 

9 

41 

M. 

a842,(NN) 

61,100 

55 

Sarcoma  of  lung,  etc.    Autopsy. 

10 

«H 

F. 

6,200,000 

16,000 

Sarcomatosis. 

11 

48 

M. 

Marked 

In- 
crease. 

Differential  count  of  700  cells :  Poly.,  70  per  cent; 
lymphocytes,  22;  eosinophiles,  1 ;  myelocytes,  7. 
Sarcomatosis. 

12 

57 

M. 

4,180,000 

18.000 
16,250 
15,180 

47 

Melanotic  sarcoma  of  abdominal  organs. 
One  week  later. 

13 

Adult. 

M. 

18,0(X) 

Sarcoma  of  abdominal  organs. 

Osteosarcoma  (thigh).    Differential  count  of  500 

14 

•  •  ■  ■ 

(ireat 

In- 

cells:  Poly.,  74  per  cent :  small  lymphocytes,  19; 
large  lymphocytes.  6 ;  eosinophiles,  1. 

crease. 

15 

•  •  •  • 

Great 
crease. 

Sarcoma  of  abdominal  organs.    Differential  count 
of  800  cells :   Poly.,  84  per  cent ;   lymphocytes, 
15.5 :  eosinophiles,  5. 

lA 

•  •  •  • 

13.200 

Sarcoma  of  abdominal  wall. 

17 

3tJ 

M. 

6,70(» 

IH 

:>» 

•  •  •  • 

4.612,00I» 

26,100 

70 

Neck. 

5,422,000 

28,500 

76 

One  mimth  later.     Polynuclear,  89  per  cent;  lym- 
phocytes, 9.8 ;  eosinophiles*  1.2. 

1« 

58 

•  •  •  • 

19,980 

Neck.    Autopsy. 

211 

58 

•  •  •  • 

14,100 

Caecum. 

21 

10 

•  •  •  • 

ia2oo 

70 

Abdominal  wall. 

22 

45 

•  •  •  • 

5,48(i,bij0 

18,400 
21,600 
16,600 

35 

•  • 

40 

December  2d.    Adrenal. 
December  5th. 
December  16th. 

Small  tumors  are  often  without  any  effect  on  the  blood  (see 

Table  LXYIII.,  B).     According  to  v.  Limbeck  '  this  is  oftener  true 

than  in  cancer. 

^  />><•.  cit. 
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Table  LXVIII.,  B— Sarcoxa  without  Leucocttosis. 


1 

AKe. 

i 

will 

ITllfc 

Per 

Benurlu. 

1 

i 

'i 

tSKE 
tllSlffi 

it,anaua 

SS 

i 

........ 

wrr.mii  of  ..™ry, 
i(««win'-m»  olilhiunlet. 

phwjl**.  ;tl.l :  rv«lni>pbl]«. .«.    n*il»  gwod. 

Ha-mi»jMbt . — Reiiibaoh'e'  20  cases  raii({ed  Ix-tweeii  I'.H  arnl  75 
per  (flit,  averaging  52  per  cent. 

Bierf reund '  in  29  cases  found  variations  between  40  and  75  per 
cent. 

\im  Limbeck's  2  cases  had  28  and  48  i>er  cent  respectively. 

Rieder'H*  4  cases  showed  at  the  beginning  of  treatment  29,  56, 
67,  and  (15  [ht  cent  respectively,  but  in  1  case  the  hxmoglobui  went 
down  );ra<li>All,V  while  under  observation  until  it  reached  6  per 
cent  ( !),  the  lo«-est  i»oiut,  Rieder  says,  that  he  has  ever  seen  iu  any 
diseiL.se. 

Sadler's'  cases  showed  .'t;!,  4">,  and  78  per  cent. 

In  the  111  caws  of  Table  I.XVII!.  in  which  this  jwint  was  noted, 
the  average  is  r>9  jht  i-ent. 

On  the  whiile,  the  coloring  matter  seems  to  be  more  diminished 
than  in  most  eases  of  cancer. 

Lfuriiri/tiv. — The  fallowing  tables,  slightly  modified  from  v. 
Limbeck,  show  the  imimrtant  points. 


11.S.VI 
lK.4ni> 


». 

0»„„. 

tntgaotOM. 

Counl. 

AlexanduT. 

Ri«xl.T, 

T.  Limbeck. 

Rein_l»tU, 

Mas».  Oeoi^nil  Hospital. 

Ostoosart^inuL 

13.090 
n.S48 

13.7(W 

10 

ro.ow 

6,100 
8,000 
83,000 

26,  BOO 
30,000 

14 

13,(KM 
21,000 

9.000 

Ave»g*. 

17,000  ± 

No. 

Ohgenw. 

OtMnaatbi, 

^nu 

Hayt-m. 

Ale;(ftDder. 

T.  Limbeck. 

Sadler. 

Lynipboiarcoma, 

11,700 
l»,fl10 

lo.rao 

ll,fi»S 

5 

11,470 
10,  MO 

,W.IIK) 

SH.OOO 

38,34a 

lft,2M 

13 

U.044 

Avei4ge, 

30,000  + 

NO. 

Ob^rver, 

DfumodB. 

r«,u 

Riedwr. 

ttt'inlMch. 
Maw.  Oint-ral  Hocpital. 

41,000 

m.fiM 

23,SO0 

4 

a.'s.ooo 

8.000 

37,900 

18.000 

Average. 

3.',.  100  -j- 

For  other  sarcomata,  see  Table  LXVIII.,  A  and  B. 
On  the  whole,  kiicocytoHitt  appears  to  be  more  constant  and  at 
givater  extent  in  sareoina  than  in  cancer. 
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Qualitative  Changes. 

1.  The  increase  of  polymorphonuclear  leucocytes  which  we  find 
in  most  fonns  of  leucocytosis  is  not  always  present  in  sarcoma*  and 
seems  to  be  less  frecjuent  than  in  cancer  (see  Cases  5,  11,  14,  Table 

LXVIIL). 

As  in  (cancer,  it  may  be  present  when  no  increase  in  the  total 
leucocytes  is  to  be  found,  and  may  be  the  only  indication  of  any  dis- 
ease in  the  organisni. 

2.  A  few  cases  are  on  record  in  which  a  large  j)ercentage  of 
eosinojthih's  has  l)een  present. 

Reinbach  found  48  j)er  cent  of  eosinophiles  in  a  case  of  sarcoma 
of  the  neck  with  sloughing  and  ulcerative  endocarditis,  the  peri^nt- 
age  continuing  over  40  for  several  weeks.*  Autopsy  showed  san»o- 
matous  nodules  in  the  bone  marrow.  In  another  case,  a  tumor  of 
the  abdomen,  the  eosinophiles  were  10.5  |)er  cent,  and  in  two  others 
8  per  cent. 

A  case  of  a])parent  sarcoma  of  the  abdominal  organs  (no  autopsy) 
at  the  Massachusetts  General  Hospital  in  January,  189(5,  had  12.4 
I)er  cent  of  eosinophiles. 

Such  ca.se8  should  certainly  make  us  think  of  bone  metastases, 
and  Neusser  s})eaks  of  osteosarcomata  as  Innng  accomj)anied  by 
eosinophilia,  but  tlie  evidence  is  as  yet  fragmentary. 

■  Pahnu  (I)eut.  nuHi.  Wooh.,  1892)  reports  lympliocytosiH  in  sarcoma. 
*Th(*  full  counts  arc  as  follows: 


ApiiUth.  IHtt!. 


K«mI  cells 5.89«.(KM) 

White  eells 12().()(H)  (!) 

Ihenio^lohin 6<)  per  rent. 


Muy  :Mh,  IHSc;. 


Red  cells. . . . 
White  cells. . 
Hienio^lohin 


....  4.r)12.<lOO 
52.000 
....  Tm  per  (^»nt. 


DIFFKKKNTIAL  ((M'NTS. 


P<>ly.  neut. . . 
I'>>sinophiles  . 
LvmphiK'Vtes 
Mvel(K*vte8  . . 


April  4th. 


IVr  cent. 

AH 

4H 


2  7 


I 


May  Int. 


Per  cent. 
4« 

.IP;* 


May  '3Hb. 

Per  jvnt. 
55  + 

42 

1.5 
.04 


May  :aistt]. 

Pf  r  rent. 
514- 

44-1- 

3.2 
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3.  Myehmjtes, — Reinbach's  case  just  described  had  a  low  per- 
centage of  myelocytes. 

The  following  cases  illustrate  the  same  point : 

Cask  I.  is  a  case  of  sarcomatosis  in  a  man  in  whom  sarcomatous 
nodules  were  distributed  all  over  the  internal  organs  and  in  the  skin. 
A  differential  count  of  700  white  cells  showed  in  his  case : 

Pf  r  it^nt. 

Typical  myelocytes  (over  15ju) 2 

Small  my('l()cyt(^s  (under  low) 5 

Lymplicxytos 23 

Polyiiuclear  ncutrophiles 70 

Eosinopliilca 1 

The  autopsy  showed  no  special  lesions  in  the  spleen,  glands,  or 
bone  marrow,  except  those  due  to  the  sarcomatous  nodules. 

Cask  II.— Sarcoma  of  the  abdominal  wall.  A  differential 
count  of  800  cells  showed  : 

Percent 

Polynuclcur  ncutrophiles 84. 

Lymphocytes 10.5 

Large  lynipliocy tes 5. 

Eosinophile.s 2 

Myelocytes 8 

Case  IIL  (No.  5,  Table  XL VIII.,  A).— Six  hundred  cells  con- 
tained: 

Per  cenL 

Polynuclear  neutrophiles 71. 

Lymphocytes 16.2 

Eosinophiles 12.4 

Myelocytes 4 

Summary  of  lilofjd  Chan  yes  in  Malifjnant  Disease, 

1.  Small,  slow-growing  tumors  and  the  early  stages  of  all  tiunors 
may  have  no  effect  on  the  blood  appreciable  by  our  present  methods 
of  examination. 

2.  In  advanced  cases  the  red  corpuscles  often  become  thin,  light, 
and  pale,  and  finally  their  number  may  be  g^atly  decreased,  the 
counts  running  sometimes  as  low  as  in  pernicious  anaemia.  In  this 
resj)ect,  as  in  others,  sarcomata  seem  to  injure  the  blood  more  than 
cancers. 

3.  The  color  index  is  always  below  1,  but  is  rarely  as  low  as  we 
find  it  in  severe  chlorosis. 
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4.  Normoblasts  and  megaloblasts  (the  latter  being  in  the  minor- 
ity) may  occur,  the  former  even  in  the  absence  of  severe  anaemia. 
Deformities  in  size  and  8haj)e  are  common. 

5.  Leucocytosis  is  present  in  the  cachectic  end-stages  of  many 
cases,  but  is  frequently  absent  in  small  tumors  of  slow  growth  and 
without  metastases.  The  polymorphonuclear  cells  are  often  rela- 
tively increased. 

i}.  Fibrin  is  not  increased. 

Dhujnostic   Value. 

1.  When  we  are  dealing  with  an  obscure,  deep-seated  disease, 
if  hemorrhage  is  excluded,  the  presence  of  persistent  leucocytosis 
suggests  suppuration  or  malignant  disease  (rather  than  tubennilosis 
or  syphilis,  for  example),  and  excludes  any  simply  functional  or 
hysterical  affection.  The  almence.  of  leucocytosis,  however,  does  not 
exclude  malignant  disease,  though  it  makes  suppuration  very  un- 
likely. 

*2.  Between  malignant  disease  and  su])puration — if  the  other 
signs  and  symptoms  do  not  decide — there  may  be  nothing  in  the 
blm)d  to  decide.  In  decided  pyaemia  we  may  get  pyogenic  cocci  from 
the  blood  by  <*ultun»,  but  a  negative  result  would  not  exclude  the 
su[)purating  focus. 

The  tt/ist'nrt>  of  any  incivase  of  fibrin  in  the  blood  8j>t»aks  against 
8uj)puiation,  and  therefore  in  favor  of  malignant  disease;  but  tht* 
j»n*senee  of  incivase*!  fibrin  network  is  not  decisive  either  way,  as 
it  may  Ih»  met  with  in  connection  with  neoplasms,  though  mon* 
connnon  in  sup]>uration. 

'».  Between  malignant  <lisease  and  hemorrhage  a  marked  anaemia 
favors  tht»  latter,  })rovide(l  the  case  is  a  r»*cent  one;  for  the  anaemia 
of  malignant  disease  is  comparatively  slow  to  develop.  The  leuco- 
cytes give  no  helj). 

4.  1^'tween  canctM*  and  uhvr  of  th«»  stomach,  if  theiv  has  been 
n(»  recent  hemorrhage,  leucocytosis  favors  cancer;  but  its  //Ax^///v  is 
of  no  weight  either  way. 

TIh»  h;emoglobin  is  said  to  <lecrease  steadily  in  cancvr,  while  in 
ulcer  it  tends  to  return  t^)ward  normal  after  the  cessiition  of  hemor- 
rhai^e. 

T1i»»  ]>resenct»  and  }H*rsistence  of  digestion  hMic(K*ytosis  sjieak 
against  cancer,  anl  its  abstMice  in  fav<»r  of  cancer.  It  must  l)e 
rememlH'itMl,  however,   that   any  vant»ty  of   ratarrh    or   dilatntlon 
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(should  such  be  present)  can  also  prevent  digestion  leucocytosis, 
and  that  the  latter  is  not  invariably  present  even  in  health. 

5.  Between  cancer  of  the  liver  or  bile  ducts  on  the  one  hand  and 
simple  gall-stone  colic  or  gall-stone  obstruction,  the  presence  of  leu- 
cocytosis favors  cancer.  As  usual,  however,  its  absenox;  does  not 
exclude  cancer,  and  we  must  bear  in  mind  that  gall  stones  vnth  cho- 
langitis  may  raise  the  leucocyte  count  as  much  as  cancer.  Simple 
cysts  or  echinococcus  cysts  cause  no  leucocytosis,  nor  does  syphilis 
of  the  liver. 

6.  The  appearance  in  the  blood  of  large  numbers  of  eosinophiles, 
myelocytes,  and  nucleated  corpuscles  during  the  course  of  a  malig- 
nant disease  points  to  a  bone  metastasis. 

7.  When  a  leucocytosis  which  has  disappeared  after  removal  of 
a  neoplasm  reappears,  we  may  expect  recurrence  of  the  growth 
shortly. 

8.  A  steadily  increasing  leucocytosis  in  a  case  of  malignant 
disease  points  to  a  rapidly  growing  tumor  or  to  the  occurrence  of 
metastasis. 

9.  Between  malignant  disease  and  pernicious  anaemia,  the  diag- 
nosis rests  on  the  following  points : 

I.  Color  index  low  in  malignant,  apt  to  be  high  in  pernicious 
anaemia. 

II.  Leucocytes  often  inci-eased  in  malignant,  diminished  in  per- 
nicious anaemia. 

III.  Lymphocytes  often  decreased  in  malignant,  increased  in 
pernicious  anaemia. 

IV.  Average  size  of  red  cells  often  decreased  in  malignant,  and 
often  increased  in  pernicious  anaemia. 

V.  If  nucleated  red  corpuscles  are  present  the  normoblasts  are  in 
a  majority  in  malignant  disease,  and  in  a  minority  in  pernicious  an- 
aemia. 

10.  Tlie  presence  of  leucocytosis  is  against  the  benignness  of  any 
tumor. 

11.  When  no  actual  increase  of  leucocytes  is  present,  an  increased 
percentage  of  the  polymorphonuclear  variety  among  those  present 
may  have  the  same  significance  as  a  leucocytosis. 
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CHAPTER  XL 

BLOOD  PARASITES. 

Examination  for  the  Plasmodium  Malaki^  and  its  PRODurxs. 

I.  Time  for  Examination, — It  is  often  stated  that  the  orgaiiisui 
is  most  easily  found  during  the  chill.  But  this  is  not  the  writer's 
experience.  During  a  chill  it  is  often  difficult  and  sometimes  im- 
possible to  find  the  organisms.  Eight  hours  l)efore  or  after  a  chill 
is  the  most  favorable  time  (Thayer),  although  parasites  have  been 
found  as  late  as  forty -eiglit  hours  after  the  last  chill.  During  the 
chill  many  organisms  retire  to  the  internal  organs. 

The  number  of  organisms  varies  a  great  deal.  In  some  eases 
they  are  j)i'esent  in  every  field  of  a  one-twelfth  immersion  len.s, 
while  in  others  we  may  find  only  one  after  an  hour  or  more  of  pa- 
tient search.  In  some  eases  of  coma  Ewing  had  to  seai-ch  one  and 
two  hours  before  finding  a  single  parasite.  In  the  majority  of  the 
eases  occurring  near  Boston,  it  needs  but  a  few  minutes'  search  to 
find  them  if  the  blood  l)e  tiiken  within  twelve  hours  l)efoi'e  or  aftrr 
a  chill,  and  jirovided  no  quinine  has  l)eeu  lately  given.  Occasion- 
ally in  mild  cases  the  organisms  are  very  scanty;  and  it  may  U»  al- 
most imjK)ssible  to  find  any.  Theobald  Smith  agrees  with  Ewinjj^ 
that  when  tlu»  parasites  an*  scarce,  cs]»ecially  when  they  are  of  tin* 
small  unj)igmcnted  form,  a  prohmged  search  through  fivsh  bhuMl 
has  fretpiently  j»rove<l  negative,  although  a  few  minutes  sufficed  for 
the  discovery  of  one  or  more  minute  j)arasit(\s  in  tht»  stained  sjH»ci- 
men.  Tin*  (piartan  and  lestivo-autumnal  forms  of  malaria  aiv  so 
rare  in  New  England  that  I  shall  not  attemj)t  to  descriln*  in  detail 
the  i)arasites  found  in  them,  but  shall  <'onfine  myself  mostly  to  the 
parasites  of  common  tertian  and  double  tertian  fevers  with  which  I 
am  ]>ersonally  familiar. 

II.  Mt'thofI  of  Examination. — A  slide  of  fresh  blood  is  prepared 
as  alK)ve  described  ('])ages  <>-8)  and  examined  with  a  one-twelfth 
immersion  lens.'     Lower  pow(»rs  shouhl  not  Ik»  used,  although   in 

'  In  cold  weatlier  l)oth  slide  and  cover  sinmld  In*  wanned  iH'fon*  using. 
Indeed  this  is  always  well,  as  it  makes  the  corpuscles  spa^ad  better. 
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skilful  hands  they  are  often  sufficient.  Portions  of  the  slide  in 
which  the  corpuscles  do  not  overlie  each  other  should  be  chosen  for 
examination.  As  we  pass  the  slide  along  beneath  the  lens  it  is  well 
to  be  on  the  lookout  for  any  sj)ecial1y  large  or  speciitlhj  pale  corpus- 
cle. Such  a  one  will  catch  the  eye  if  we  are  on  the  watch  for  it, 
even  though  the  slide  is  being  passed  along  very  rapidly,  and  all 
such  should  be  carefully  examined. 

Another  thing  to  watch  for  is  anything  black  or  dark  brown.  If 
the  slide  is  not  perfectly  clean,  or  if  the  cover-glass  has  touched  the 
skin  in  collecting  the  blood,  there  will  often  be  black  spots  which 
make  us  pull  up  short  and  examine,  only  to  tind  that  they  are  bits 
of  dirt.  This  loses  time,  and  hence,  as  above  noted,  the  impor- 
tance of  care  and  cleanliness  in  the  earlier  stages  of  the  process. 

Besides  any  strikingly  })ale  or  swollen  corpuscle  or  any  black 
dots,  we  should  be  on  the  lookout  for  any  movements  in  the  field. 
The  movements  of  Muller's  "blood-dust"  (see  page  60)  are  often 
mistaken  by  beginners  for  those  of.  the  malarial  organism.  Their 
greatly  smaller  size  and  extra  corpuscular  position  serve  to  distin- 
guish them  in  most  cases.  I  have  sometimes  thought  I  saw  pig- 
ment in  these  bodies.  If,  as  Stokes  believes,  the  "  blood-dust "  is 
derived  from  the  leucocytes,  it  is  possible  that  they  might  carry  out 
with  them  some  pigment  ingested  by  the  leucocyte. 

Flagellate  bodies  may  be  studied  in  fresh  sj)ecimens,  if  possible, 
on  a  warm  stage.  Usually  they  appear  only  after  the  lapse  of  ten 
to  twenty  minutes  from  the  larger  tertian  or  crescentic  aestivo-au- 
tumnal  organisms.  The  addition  of  a  little  water  or  salt  solution 
may  facilitate  the  escape  of  the  parasite  from  the  red  cell  and  the 
foi*mation  of  Hagella. 

Ewing  finds  that  the  moist  chamber  may  be  secured  in  a  Petri 
dish  with  tightly  fitting  vaselined  cover.  Wet  blotting-paper  placed 
in  the  dish  furnishes  the  necessary  moisture.  Specimens  spread  on 
slides  or  covers  may  be  kept  moist  for  ten  to  twenty  minutes  in  such 
dishes,  and  fiagellation  proceeds  with  moderate  rapidity. 

A  simple  method  is  as  follows :  Cut  an  opening  one-half  by  one 
inch  in  a  piece  of  thick  blotting-paper  and  moisten  the  paper  in  hot 
water.  Spread  two  glass  slides  rather  thickly  with  fresh  blood,  lay 
the  blotting-paper  on  one  slide,  cover  the  cut  opening  by  the  other, 
specimen  side  down,  and  slip  a  rubber  band  about  both.  After  fif- 
teen or  twenty  minutes  the  slides  and  paper  may  be  separated  and 
the  two  specimens  dried. 
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III.  The  Malarial  Or'janiMm .—{ti)  It  jiriuiticftlly  Lb  uever  t 
seeu  outside  tbe  corpuscle.  MnHt  malarial  organisms  are  tu  be  foi 
within  the  corpuscle,  and  rmly  thi-re.' 

For  those  who  have  not  examined  many  specimens  of  ualai 
blood  it  is  a  very  ilitti(.'ult  thing  to  find  the  organisu  at  this  Htaj 
itK  growth^  and  the  inunber  of  mistaketi  in  diagnoaiH  is  very  li 
I  always  look  with  great  Hnspicion  on  any  rejiurt  of  malari&l  bloc 
as  containing  »«/y  "hyaline  forms." 

In  the  lat«r  stages,  when  the  organism  has  bfMiuie  well  | 
mented,  there  is  nothing  that  at  all  resembles  it,  and  those  « 
have  seen  anil  watched  it  a  few  times  can  hardly  mistake  aaytbin 
else  for  it.     Kot  so  with  the  t«)-ca]led  "  hyaline  "  or  youngtist  f 
of  the  organism.     Personally  [  think  the  h'f/mc  "hyaline  bodies'*  k 
responsible  for  a  part  of  the  mistakes.     We  are  le<l  to  expect  s 
thing  more  shiny  and  refra(?ttle  than  the  organism  really  in,  and  • 
are  misled  by  the  brilliant  whit«  circles  to  be  found  at  the  cen 
many  normal  corpuscles  under  certain  conditions  of  light  and  p 
drying  up.     Time  and  again  I  have  been  aflkeil  to  \wiV.  at  i 
iirganisnis  (always  tlic  "hyaline"  forms),  and  found  nothing  i 
than  one  of  Ihcac  effect*  of  light  which  can  lie  found  in  any  nora 
IiIixhI,  if  the  conditions  are  right.     There  are  certain 
which  we  can  exdnilc  these  artifacli!  from  consideration: 

I.  They  are  generally  far  too  numerous  to  lie  malarial  orgsniBins.l 
One  usually  iinds  a  dozen  or  more  in  a  field  which  would  lie  altnoi 
unheard  of  with  the  Plasmodium  malariw. 

II.  They  are  generally  in  the  centre  of  the  corpuscle,  while  t 
young  malarial  organism  is  almost  never  at  the  centre. 

III.  They  are  almost  invariably  round,  the  malarial  oi^;anui 
being  generally  more  irregular  and  branching. 

IV.  They  seem  to  increase  and  diminish  in  st:ce  as  we  focoa  i 
anil  down  upon  them,  while  tlie  malarial  organism  only  grows  d 
mi-r  or  clearer, 

V.  They  are,  as  before  mentioneil,  more  brilliantly  white  i 
shiny  tlian  the  malarial  organism,  which  has  oft^n  a  faint  tinge  a 
yellow,  although  much  paler  than  the  surrounding  coqniscle  I 
stance. 

V'l.  Their  edges  are  sharfier,  the  malarial  organism  oftfn  fadin 
off  very  gradually  into  the  corpuscle  color. 

'  Except  lieirciif™'''  f"""!".  free  Qa^«1lir.  and  «p'in»  at  (he  momcnl  of  a 
mcntalton  irarrty  In  Ih-  mvd).     ('reeceats  and  ovolil  I>odies  are  in  tercel  hilar. 
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VII.  (a)  Their  movement  is  different.  The  malarial  organism 
is  not  at  all  the  only  thing  to  be  seen  moving  in  the  blood,  as  has 
sometimes  been  stated.  The  red  corpuscles  have  the  Brownian  mo- 
tion, and  as  they  begin  to  crenate  often  move  veiy  actively.  But 
their  motion  is  very  different  from  that  of  the  hyaline  malarial 
organism,  for  the  latter  changes  Ixjth  its  sha|)e  and  its  position  in 
the  corpuscle  quite  rapidly,  while  the  motion  of  the  light  space  in 
an  ordinary  red  cell  is  a  wavy  undulation  of  the  outlines  back  and 
forth  without  any  considerable  change  of  shape. 

(b)  As  soon  as  the  organism  gets  any  pigment  (and  there  are 
very  few  times  in  the  cy(de  of  a  malarial  ca.se  when  there  are  not 
jtmne  pigmented  organisms  j)resent),  the  active  raj)id  motion  of  the 
black  pigment  dots  is  unlike  anything  else  seen  in  the  blood,  and 
when  once  recognized  can  never  be  forgotten  or  mistaken.  It  is 
only  when  the  pigment  has  ceased  moving  (owing  to  the  death  of 
the  organism)  that  the  differentiation  between  diit  and  malarial 
pigment  l)ecomes  difficult. 

Sometimes  it  is  really  difficult  to  disthiguish  motionless  pigment 
in  a  malarial  organism  from  diit  even  on  careful  scrutiny.  The 
best  way  is  to  get  a  fresh  slide  when  the  pigment  is  in  motion. 

To  any  one  fairly  familiar  with  the  appearance  of  pigmented 
forms  of  malarial  organisms,  failure  to  find  them  in  a  case  of  mal- 
ai'ia  is  due  generally  (1)  to  too  thickly  spread  a  layer  of  blood,  the 
corpuscles  overlying  each  other;  (2)  to  not  looking  long  enough; 
(3)  to  lack  of  proper  light. 

(fi)  The  next  stage,  that  of  segmentation,  is  less  commonly  seen 
than  are  those  just  mentioned,  and  is  only  to  be  satisfactorily  ob- 
served by  using  a  warm  stage  (ride  sifj/ra,  page  8)  and  s])ending  con- 
siderable time  on  the  watch  for  it.  Around  the  central  pigment  mass 
we  may  sometimes  see  in  ordinary  specimens  (without  warm  stage) 
the  faint  outlines  of  a  grouj)  of  small  spherical,  colorless  l)odies 
(nth'  Fig.  2,  9,  Plate  I.)  which  are  the  new  generation  of  young 
organisms. 

Now  we  should  expect  that  with  the  next  step  in  the  process  we 
should  find  these  young  plasmodia  free  in  the  plasma  or  entering  a 
fresh  set  of  red  corpuscles.  But  in  the  j)eripheral  circulation  this 
is  rarely  if  ever  observed.  Thayer  in  his  immense  exj)erience  has 
never  seen  them.  The  next  evidence  we  have  of  the  organism  is  as 
a  "hyaline  "  body  inside  the  corpuscle  again. 

Almost  all  stages  of  the  growth  of  the  Plasmodium  which  we 
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caii  watch  in  the  blood  di-awn  froiu  the  periphi^ral  cireulatioQ  takal 
jtlace  witliin  the  corpustile.  It  is  trut;  that  as  the  pigmented  organ- 1 
ism  gets  toward  its  full  growth,  aiid  before  the  graimlea  have  begutkl 
to  gather  at  the  centre,  we  may  find  it  very  diffieult  W  fiiid  tmyd^ 
trace  of  eorpuHcl^  subRtauce  around  tlie  uiatgiu  i)f  the  plasmudium. 
Sometiiuea  we  see  a  ring  of  non -pigmented  gli»t«iiiii)i;  white  sub-^ 
ntaiiee  oiitaide  tlie  moving  black  dots  (see  Pig.  2,  7,  Plate  1.)  stand-^ 
itig  oat  liglit  uffaitut  fhe  darlfer  jilamia.  This  I  supi>ose  to  bn  thtt! 
remains  of  the  corpusele.  It  is  not  described  or  pictured  i 
standard  works  on  the  subjeet. 

Occasionally  we  do  find  pigmented  bodies  wholly  outside  tbftl 
corpuscle,  either  partly  or  fully  grown.  In  the  iiitraeorpuxettluJ 
forms  the  distinction  between  plasmodiuui  and  corpuscle  substanoal 
is  not,  I  think,  so  shaip  and  clear  as  one  would  be  led  to  vzpi 

^      A-' 

nn.  as.— riNKlUX'  MBlarUI  Onruilrau.    tAIWr  Tlvirr.i 

from  the  plates  in  standai-d  works.     With  average  eyes  and  lenac 
the  outline  of  the  organism,  as  distinguished  both  from  its  pigi 
granules  and  the  surrounding  coqinscles,  is  not  easy  to  gee. 
the  moving  pigment  graimlea  tliat  attract  our  iioticif. 

Tim  tiounyuit  form  of  t/iit  tertian  iHtraxlte  seen  in  the  red  cell  U  ^ 
identical  in  ap|>earanoe  with  thi  »j>nrr  of  the  i)arent  rosette.     It  Is  i 
coiapaet  spheroidal,  or  slightly  oval,  or  irregular  body,  about  ^  # 
in  diameter.     It  shows  au  outer  rim  of  ba-sujiliilie  pnitojilum  Uk 
closing  a  single  large  nuclear  body,  which  is  acbromio  to  methylMU 
bhie,  but  stains  readily  in  hfematoxylon  or  by  Nocht's  meUiod,  Bnd.l9 
which  is  usually  inclosed  or  accompanied  by  a  clear  achromatic  snb-  f 
stance,  termed  by  Gautier  "the  milky  zone." 

In  the  fresh  condition  these  bodies  are  noticeably  refractive,  i 
]>ecially  tin*  nucleus,  change  their  position  but  rarwly  thtfir  a 
and  are  never  pigmented. 

Th«  ijnung  trrfiiiti  rituj :  Within  a  few  hour,-*  after  the  chill  tilft  1 
parasiti-  is  usually  found  to  have  awsumed  a  mniewhat  chanM-teriatio 
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nil  blood  curptudu  wblcb  ll  hag  invaded. 
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ring  shape.  These  bodies  measure  from  3-4  /x  in  diameter,  and 
there  is  not  much  increase  in  bulk  for  six  or  eight  hours.  The  ter- 
tian ring  is  rarely  as  geometrical  or  delicate  as  the  aestivo-autiimnal 
signet  ring.  The  nuclear  body  of  the  tertian  ring  is  its  most  char- 
acteristic; feature,  aj)pearing  as  a  rather  large,  achromatic,  highly 
refractive  body,  after  methylene  blue,  but  staining  intensely  with 
haematoxylon  and  by  Noc^ht's  method. 

Comptirisoii  oftht'  Tert'mn  and  ^Estiro-ffufut/iHal  Rings. 

(1)  According  to  Ewing,  the  nuclear  body  and  the  chromatin 
mass  of  the  young  tertian  parasite  are  achromatic  to  methylene  blue, 
which  densely  stains  the  nucleus  of  the  iestivo-autumnal  organism. 

(2)  The  shaiHi  and  contour  of  the  tertian  ring  is  usually  coarse 
and  irregular,  but  the  aestivo-autumnal  ring  is  geometrically  circu- 
lar, more  delicate,  with  extremely  line  bow,  and  usually  with  a 
typical  signet-like  swelling. 

(3)  One  or  two  grains  of  pigment  are  abnost  invariably  found  in 
the  early  tertian  ring,  but  are  with  nearly  equal  constancy  absent 
from  the  testivo-autumnal  signet  ring. 

(4)  The  tertian  ring  is  usually  pigmenttnl  before  the  chromatin 
becomes  subdivided,  while  the  chromatin  of  the  aestivo-autumnal 
ring  is  always  subdivided  before  the  appearancje  of  pigment. 

(5)  The  infected  cell  is  usually  swollen  from  the  moment  of  in- 
fection by  the  tertian  s})ore,  and  commonly  shrunken  when  harbor- 
ing the  aestivo-autumnal  ring. 

Liinje,  tt'ii: tan  rings:  After  a  period  of  six  to  eight  hours  the 
ring  is  usually  found  to  have  develo})ed  an  outgrowth  which  is 
actively  amoeboid  in  the  fresh  condition  and  appeal's  in  stained 
specimens  as  a  tongue-like  protrusion  or  turban-shaped  mass  at- 
tached to  one  segment  of  the  idng.  The  nuclear  body  meanwhile 
increases  slightly  in  size,  projecting  into  the  ring,  and  the  chroma- 
tin divides  into  several  lai'ge  granules. 

At  this  period  occurs  the  greatest  amoeboid  activity  of  the  para- 
site, and  in  some  severe  infections  the  organism  may  be  found  lixed 
in  the  height  of  its  amoeboid  excursions.  There  the  ring  jjersists, 
but  the  body  of  the  i)arasite  is  stnmg  out  into  a  numl)er  of  slender 
threads  with  nodal  thickenings. 

Toi'tian  spht'i'oldal  bodies :  During  the  second  cpiarter  of  the 
cycle,  the  body  and  nucleus  of  the  ])arasite  develop  rajndly  in  size, 
amoelxnd  motion  and  figures  gradually  diminish,  and  ]>igment  is 
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abundantly  depositecl  in  the  form  of  dark  browu  or  yellowish  giaiiui, 
shitwinij  in  tlie  fresh  8tat«  ai'tivi-  vibratory  motion.  The  Cf  11  in- 
creases in  size  and  its  hieiiioKlobin  Oiiniuishes.  Towaid  the  end  of 
twifiity-four  Iiimra  ur  jKissihly  somewhat  later,  the  parusitr  oemiiiMl 
three-fourths  of  the  swollen  eell,  in  the  form  of  a  Hpheroidal  or 
elliiitiiial,  humugeiieouK  Ixidy,  tlie  outer  portion  wf  which  cuntoins 
most  of  the  pigment. 

Fiill-t/roini  frrtiitn  lutraxitu :  The  third  quarter  is  occui>ii><l  by 
the  continued  gr<^>wth  of  the  parasite  in  the  form  of  a  large  homo* 
gencouH,  richly  )iif^ueiit(^d  Ixxly,  which  finally  ocnupies  Kt  leant  fntir- 
fifthfl  of  the  Bwollen  cell. 

Frr-trrfttn-ntin;;  luxl'im  imually  be(^ii  t<i  ap|)eai'  in  the  blixxl  ei(tbt 
to  ti>n  hours  before  the  chill.  The  pigment  is  gathei'ed  in  n  r»* 
duoed  number  of  coarse  grains  or  spindles  which  lie  in  the  body  nf 
the  parasite,  in  a  pONition  dctennined  by  that  of  the  new  multiple 
nuclei. 

Tertiiin  riarttM  are  usually  seen  in  the  circulation  three  or  f«rtir 
hours  before  the  chill,  most  abundantly  just  before  the  chill,  rapi<lly 
disapjicaring  after  the  chill. 

Thi^  nirlieKt  form  tiftkf  letalra-autinnJial  jiiiranitf  is  often  distin- 
guished from  the  tertian  by  the  shrinkage  of  the  wll,  low  refrac- 
tive index,  and  it  is  never  pigmented. 

Thr  ifgtii'o-aiitHmiuil  *ignpt  ring  is  a  very  characteristic  ah«p«l 
assumed  by  the  parasite  at  a  very  early  period.  It  is  noted  that  ii 
some  cases  the  rings  fail  to  exhibit  this  thirkening  but  remain  uf  M 
uniform  but  very  Hue  calibre  throughout.  Multiple  infectiou  will 
the  young  rings  is  very  common;  three  parasites  are  often  fouiu 
in  the  same  red  cell,  and  occasionally  four.  The  signet-ring  fori 
tnsjnently  resu'h  a  diameter  of  4  fi;  beyond  this  size,  when  pen 
ing  in  tlie  finger  blood,  the  growth  of  the  |>arasite  producra  a 
regular  IkmIj-  in  which  tlie  outline  of  the  ring  becomes  more  or  h 
obscure.  The  full  development  of  the  large  signet  rings  appean  t 
refjuire  about  twenty-four  hours.  In  the  majority  of  cases  tli*  r 
forms  seen  in  the  peripheral  blood  fail  to  show  any  trace  of  pig 
ment. 

The  later  furmf  afthf.  a-aivn-uutumHal  immiiite  are  rather  tarel]^ 
seen  in  the  peripheral  circulation. 

The  rrrtfrntir  hodit* :   On  the  fourth  to  sixth  days  of  any  h 
initial  paroxysms  of  the  Kstivo-antuinnal  infection  the  jieriplwrall 
blou<l  may  contain  red  eelU  infected  by  spheroidal,  oval,  elliptical«| 
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or  small  crescentic  bodies  which  represent  the  early  forms  of  the 
sexual  cycle  of  the  parasite.  The  relation  of  these  forms  to  the 
young  amoeba  is  not  clear.  A  remnant  of  haemoglobin  surrounds 
the  crescent  on  all  sides.  The  membrane  or  thickened  outer  border 
of  the  red  cell  is  closely  apjdied  about  the  convex  side  of  the  cres- 
cent, while  across  the  concavity  it  stretches  loosely  like  a  halter. 

In  the  centre  of  the  crescent  is  a  sharply  marked,  light-blue 
staining  or  a  chromatic  aiva  of  variable  size,  containing  the  chro- 
mathi,  and  usually  also  the  pigment. 

The  long  persistence  of  crescents  in  the  blood  and  their  resist- 
ance to  quinine  are  matters  of  common  clinical  observation. 

Dr.  J.  H.  Wright  has  kindly  permitted  the  use  of  many  of  the 
accompanying  photographs  of  the  malarial  i)arasites  (see  Plates 
v.,  VI.,  VII.,  VIII.,  and  IX.). 

Fhifjelliitf  hodiea :  When  blood  containing  ci-escents  is  allowed 
to  stand  in  the  air  or  under  a  cover-glass  for  a  few  moments  some 
of  the  crescents  slowly  assume  the  spheroidal  form,  active  vibratory 
oscillations  of  pigment  granules  begin,  and  soon,  from  one  or  more 
points,  i)seudopodia  shoot  out  with  active  lashing  movements. 
These  flagella  continue  their  movements  for  some  time,  changing 
their  position  actively,  their  shape  slowly,  while  some  may  be  seen 
to  break  off  from  the  body  and  swim  off  through  the  plasma. 

Tet'tidii  flafjellate  bodies  develop  from  the  full-grown  tertian  par- 
asites in  much  the  same  way  as  from  the  crescents.  Quartan  para- 
sites develop  flagellate  bodies  very  similar  in  appearance  to  those  of 
the  sestivo-autumnal  type. 

Exactly  why  and  under  what  conditions  it  shows  or  fails 
to  show  these  api)endages  is  not  known.'  They  are  about  two 
or  three  times  as  long  as  a  red  corpuscle  and  one-sixth  or  one-eighth 
as  wide.  Sometimes  there  is  pigment  dotted  along  the  flagellum 
itself,  and  then  we  can  make  it  out  more  easily.  Its  distal  end  is 
especially  apt  to  he  pigmented,  and  by  the  help  of  this  pigment  we 
make  out  that  it  is  bulbous,  while  similar  swellings  can  sometimes 
be  seen  at  other  ])oints  along  the  flagellum  (see  Fig.  37).  As  the 
pigmented  end  is  sometimes  all  that  we  can  see  of  it,  this  gives  rise 
to  the  appearance  of  a  very  small,  activeltj  locomotive  pigmented 
body  free  among  the  corpuscles,  and  its  course  may  be  followed 
through  several  fields. 

'McCallum  has  recently  oflfertMl  inten*8tin^  evidence  tliat  Wwy  ixtv  tiexual 
organs. 
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\Mieii  th«  tlagella  hni 
eeaseil  moving,  their  presMico  U 
gi-nt-i*»lly  (tetj!Ct«d,  if  at  all, 
an  ii'iegular  line  of  pjgmei 
(lots  iihuiit  20  ;i  long,  whifi 
will  be  shown  bycarvful  fo< 
uiiig  tu  hn  contained  within  j 
nearly  triinspareiit  membrane 

Very  iift«ii  we  find  a  leue^ 
cytt'  in  iirocess  of  closing  r 
till.-  flit){elliit^l  parasite. 
Bciii  has  lately  8uci*e(lml 
fitaiitin)!  the  (laijcllie,  and 
accompany  in  |(  (■hnt'igntiibH 
from  his  stained  s[MMrimen8. 
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in  the  l>la(Ml  near  the  time  of 
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be  carefully  Uistiugui shell  fr<nn 
the  gnumles  [iri-setit  iu  lUftst 
Ittuencyt^s,  wbieb  in  certain 
lights  UhiIc  i|nitit  dark  even  if 
lumtaiued,  dark  euougli  t'>  be 
mistakfM  fur  pigiueiit  by  tb» 
uutiaiiied  eye,  (^'arefiil  f<>«ms- 
liing  and  ebungiiig  the  light  will 
ciinily  df  t*rmiue  which  we  are 
di-idiiig  with,  provideil  we  are 
familiar  witli  the  appearances 
of  leui'»ieyt*8  in  tlie  frcHh  un- 
stained blood.  In  certain 
forms  uf  tb<!  diftease  in  wbieh 
the  ort^iiKms  tbemselvrs  rrtire 
\v  the  iut«mal  organs,  tlie 
presence  of  pigmcuteti  Ifiii-u- 
eyt*8  may  he  the  only  evidence 
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of  the  disease  to  be  found  in  the  peripheral  blood  and  is  therefore 
of  the  greatest  importance. 

Hitherto  I  have  spoken  of  the  appearance  of  the  parasites  in 
the  fresh  unstained  blood,  this  being  by  far  the  simplest,  easiest, 
and  surest  way  of  finding  them  and  the  only  way  of  studying  their 
development.  In  cases  in  which  we  cannot  make  a  microscopical 
examination  at  the  bedside,  we  can  sometimes  preserve  the  organ- 
ism alive  between  slide  and  cover-glass,  until  we  can  get  it  to  the 
nearest  microscope,  even  if  this  takes  several  hours.  I  have  car- 
ried specimens  in  my  handbag  a  whole  morning  and  yet  found 
the  pigment  of  the  malarial  parasite  in  motion  at  the  end  of  that 
time.  Warm  weather  favors  this.  AVhen  it  is  necessary  to  keep 
the  specimen  some  time  before  examiniEition,  it  is  best  to  paint  on 
the  slide  a  ring  of  vaseline  or  any  gummy  substance,  and  allow  the 
drop  of  blood  to  spread  out  inside  this  ring  so  that  the  margins  of 
the  cover-glass  are  gkied  to  the  slide  by  the  oily  substance  and  the 
entrance  of  air  is  prevented.  The  cedar  oil  ordinarily  used  for  im- 
mersion lenses  answers  the  purpose  very  well.  Both  slide  and 
cover  should  be  gently  warmed  before  the  drop  of  blood  is  spread 

Many  physicians  who  cannot  possibly  carry  a  microscope  about 
with  them  can  easily  find  room  for  a  few  slides  and  cover-glasses', 
and  they  may  be  of  great  service. 

When  s|)ecimens  have  to  be  sent  by  mail,  or  for  long  distances, 
or  in  cold  weather,  we  have  to  fall  back  on  dried  specimens  prepared 
as  described  on  page  43,  provided  always  that  a  bedside  examina- 
tion is  impossible.  These  can  be  stained  by  one  of  the  following 
methods : 

I.  Leave  the  specimen  for  half  an  hour  or  more  in  equal  parts 
of  ether  and  absolute  alcohol,  dry  them  in  the  air,  stain  for  from 
one-half  to  five  minutes  in  a  one-half-per-cent  solution  of  eosin  in 
sixty-per-cent  alcohol,  wash  in  water,  dry  and  stain  one-half  to  one 
minute  in  concentrated  watery  solution  of  methylene  blue;  wash 
again  in  water,  diy  in  filter  paper,  and  mount  in  Canada  balsam. 
With  this  stain  the  nuclei  of  leucocytes  and  the  malarial  parasites 
are  stained  blue,  while  the  red  corpuscles  are  very  pale  yellow  and 
almost  transj)arent.  This  transparency  of  the  red  discs  may  be 
taken  advantage  of  when  the  films  either  from  accident  or  design 
are  thick.  The  stained  parasites  can  be  recognized  even  if  covered 
with  a  layer  of  red  discs. 

After  drying  thoroughly  in  the  air  the  malarial  parasite  stains 
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best  after  iixatioii  in  ninety-live  to  ninety-seven  per  cent  alcohol 
for  fifteen  to  thirty  minutes.  The  addition  of  ether  to  the  alcohol 
secures  no  advantage  (Ewing). 

II.  Thionin  bine  is  a  good  malarial   stain,  especially  for  the 

young  forms.     Cover-glass  films  are  to  be  fixed  for  one  minute 

in  a  one-per-eent  solution  of  formalin  in  ninety-per-cent  alcohol, 

dried  with  filter  paper,  washed  quickly  in  absolute  alcohol,  aigain 

dried  with  filter  paper,  and  finally  stained  for  thirty  seconds  in  the 

following  mixtui*e,  which  should  stand  a  week  or  more  before  it  is 

used : 

Thionin  (saturated  sol.  in  50-j)er-cent  ak'ohol) 1  part. 

Carbolic  acid.  2  per  cent 5  parts. 

Wasli  in  water,  dry  in  filter  paper,  and  mount  in  balsam. 

Yet  on  the  whole  I  have  had  better  success  with  the  eosin  and 
methylene  blue  despite  its  difficulties. 

Modijied  Futcher  and  Lazcar  method :  "Fix  the  specimens  five 
minutes  in  ninety-five-per-cent  alcohol  to  100  c.c.  of  which  has  been 
added,  just  before  using,  1  c.c.  of  formalin.  Stain  one  to  three 
minutes  in  the  following  mixture :  Saturated  alcoholic  solution  of 
thionin,  20  c.c. ;  20-i)er-c^nt  carlx)lic  acid,  100  c.c.  The  fixing 
solution  must  be  used  fresh,  and  the  staining  fluid  must  be  at  least 
one  week  old.  The  rings  are  then  densely  stained,  and  the  s]>eci- 
mens  do  not  fade." 

III.  The  ordinary  Ehrlich  triacid  mixture  with  Hewes'  after- 
stain  gives  good  results.  The  organism  itself  stains  blue  with  this 
mixture  and  stands  out  against  the  yellow  of  the  corpuscle,  the  pig- 
ment looking  as  it  does  in  the  live  parasite.  It  is  sometimes  con- 
venient  to  use  the  same  stain  for  the  differential  count  and  the  mal- 
arial organism,  as  for  instance  when  we  have  only  one  cover-glass 
preparation  in  a  case  of  doubtful  diagnosis.  Fixing  the  sj)ecimen 
in  alcohol  and  ether  is  here  far  better  than  heat;  otherwise  the 
technique  is  as  above  described  under  Triple  Staining  (page  44). 

If  the  organisms  are  fairly  numerous  and  the  technicpie  is  good 
we  can  find  them  by  this  method  even  in  preparations  months  old. 
In  general,  however,  it  is  very  inferior  to  the  examination  of  the 
live  organism  in  the  fresh  blood,  and  gives  many  more  chances  for 
error. 

IV.  Ewing  states  that  he  has  never  failed  to  secure  a  good  re- 
sult by  the  following  ]>rocedure : 

"  1.  To  1  ounce  of  polychrome  methylene  blue  (Griibler)  add  o 
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drops  of  three-per-cent  solution  of   acetic  acid  (U.  S.  P.,  thirty- 
three  per  cent). 

**  2.  Make  a  saturated  one-per-cent  watery  solution  of  methylene 
blue,  pi*eferably  Ehrlich's  (GrUbler)  or  Koch's,  dissolving  the  dye 
by  gentle  heat.  This  solution  improves  with  age,  and  should  be  at 
least  one  week  old. 

"3.  Make  a  one-per-cent  watery  solution  of  GrUbler's  water*/ 
eosin. 

"The  mixture  is  prepared  as  follows: 

"To  10  c.c.  of  water  add  4  drops  of  eosin  solution,  6  drops  of 
neutralized  polychrome  blue,  and  2  drops  of  one-per-cent  methyl- 
ene blue,  mixing  well.  The  specimens,  iixed  in  alcohol,  or  by  heat, 
are  immersed,  specimen  side  down,  for  one  to  two  hours,  and  will 
not  overstain  in  twenty-four  hours.  The  density  of  the  blue  stain 
may  be  varied  to  suit  individual  preferences.  The  above  propor- 
tions need  not  be  rigidly  followed,  but  the  polychrome  solution 
should  be  accurately  neutralized,  and  the  staining  mixture  should 
be  deep  blue." 

Goldhorn  has  recently  succeeded  in  digesting  methylene  blue 
with  saturated  solution  of  lithium  carbonate  so  as  to  develop  in  it  a. 
large  proportion  of  the  red  chromatin-staining  principle.  This 
fluid,  neutralized  by  acetic  acid,  not  only  stains  the  chromatin  rap- 
idly (fifteen  to  sixty  seconds),  but  demonstrates  better  than  has  yet 
been  done  early  and  extreme  granular  degeneration  of  the  infected 
and  other  red  cells.  Goldhorn' s  fluid,  ready  for  use,  can  be  obtained 
fi'om  New  York  dealers. ' 

So  much  for  technique. 

We  often  hear  reports  of  fruitless  search  for  the  parasite  in  the 
blood  of  malarial  patients,  but  the  regularity  with  which  they  are 
found  at  all  the  larger  hospitals  and  by  all  practised  observers  in 
this  and  other  countries  leaves  no  doubt  that  they  ai*e  to  be  found  in 
every  case  during  some  portion  of  the  cycle.  The  practice  of  taking- 
blood  during  a  chill  contributes,  I  believe,  to  the  number  of  unsuc- 
tjessf ul  endeavors  to  And  the  organism ;  as  mentioned  above,  this  is 
the  worst,  not  the  best  time  to  look  for  them.  Too  thick  a  layer  of 
blood  between  slide  and  cover  accounts  for  some  failures,  as  I  have 
found  in  personal  experience. 

No  doubt,  in  many  cases  in  which  we  fail  to  find  the  organism 
in  supposed  malaria  a  faulty  diagnosis  is  the  reason.     Many  of  the 
'  See  Tran8.  New  York  Path.  See.,  February,  1901. 
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cases  in  which  latent  malaria  is  supposed  to  have  *'  come  oat  **  after 
a  surgical  operation  are  exploded  by  the  negative  examinaticm  fat 
parasites  and  the  positive  indications  of  pus-ixx^keting  which  are 
afforded  by  a  marked  leucocytosis  (never  present  in  simple  malarii), 
and  the  fact  of  insufficient  wound  drainage  is  often  disclosed  in  this 
way.  \\Tienever  we  see  the  leucocytes  increased  we  begin  to  doubt 
the  existence  of  an  uncomplicated  malaria;  if,  furthermore^  we  see 
no  signs  of  any  pallor  of  the  corpuscles  we  doubt  the  presence  of 
malaria  still  more,  as  there  is  no  more  rapid  deglobularizer  than  the 
malarial  organism. 

How  long  after  a  chill  the  organisms  may  still  be  found  in  the 
peripheral  blood  is  difficult  to  decide,  but  certainly  they  can  be 
found  any  time  within  twenty-four  hours  after  the  last  chill,  unless 
quinine  has  been  given,  and  sometimes  even  if  it  has  been  given. 

Other  Changes  in  the  Blood. 

Bed  Corpiisrfps. — The  following  is  from  Thayer's  remarkable 
monograph  : 

"  A  reduction  in  red  corpuscles  follows  each  paroxysm ;  these 
reductions  are  moi*e  marked  after  the  early  paroxysms  than  after 
those  occurring  later.  AVhen  a  certain  degree  of  anaemia  has  been 
reached  the  losses  per  paroxysm  are  much  less.  When  the  number 
of  corpuscles  is  reduced  to  2,000,000  or  1,000,000  there  is  little 
tendency  toward  a  further  fall ;  souie times  tliere  may  be  slight  rises 
in  the  curve  l)etween  the  paroxysuis ;  often,  however,  the  number  of 
corpuscles  remains  stationary  for  weeks. 

"  In  pernicious  cases  the  number  of  corpuscles  may  fall  between 
paroxysms."  Kelsch  has  seen  the  count  decrease  to  as  small  a 
number  as  500,000  per  cubic  millimetre.  The  diminution  is  greater 
the  longer  the  disease  lasts  and  the  more  intense  its  manifestations 
are 

In  Ewing's  Montauk  series,  there  were  "no  less  than  nineteen 
cases  in  which  the  changes  of  the  progressive  pernicious  type  had 
been  established  in  a  period  not  longer  than  ten  weeks." 

There  can  be  no  doubt  that  the  tendency  of  the  lestivo-autumnal 
parasite  is  to  be  massed  in  the  bone  marrow.  The  excessive  de- 
mands on  red-cell  production  render  pernicious  malaria  an  extremely 
favorable  condition  for  this  disturbance  of  the  marrow  and  specific 
megaloblastic  changes. 


MALARIAL  ORGANISMS. 
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During  the  paroxysms,  particularly  the  earlier  ones,  the  red 
cells  tend  to  increase  in  number. 

In  tertian  and  quartan  fevers  there  is  a  rapid  and  almost  com- 
plete restitution  of  the  corpuscles  during  the  afebrile  period. 

In  aestivo-autumnal  fevers  the  number  of  red  cells  bears  a  direct 
relation  to  the  number  of  organisms.  Crescentic  bodies  seem  to 
have  no  influence  on  the  number  of  red  cells. 

When  after  a  paroxysm  the  number  of  corpuscles  has  been 
greatly  diminished  the  succeeding  paroxysm  may  be  followed  by  a 
slight  reduction  only  or  even  by  an  increase. 

Bignami  and  Dionisi  distinguish  three  types  of  post-malarial 
anaemia : 

1.  Ordinary  secondary  anaemia,  but  with  leucopenia  instead  of 
leucocytosis ;  such  cases  usually  end  in  i-ecovery. 

2.  Anaemia  practically  identical  with  pernicious  anaemia,  megalo- 
blasts  being  present,  and  ending  fatally. 

*1  Anaemias  which  are  progressive,  because  the  bone  marrow  can- 
not compensate  for  the  losses  of  corpuscles. 

The  rapidity  of  the  diminution  in  red  cells  may  be  very  great. 
Kelsch's  count  of  />00,000  cells  per  cubic  millimetre,  mentioned 
above,  was  after  thirty  days'  illness.  Grawitz  has  seen  a  loss  of 
4,000,000  cells  in  six  days. 

Qualitative  changes  are  those  of  severe  secondary  anaemia,  de- 
formities in  size  and  shape,  normoblasts,  occasional  megaloblasts  in 
the  worst  cases,  motility  in  the  "  pale,  ghostly  "  cells. 

Hannofjiohin, — The  loss  of  haemoglobin  bears  usually  a  direct 
relation  to  the  number  of  parasites  in  the  blood.  As  a  rule,  the 
corpuscles  and  haemoglobin  are  diminished  proportionally  (color 
index  =  1)  but  sometimes  the  haemoglobin  is  reduced  dispropor- 
tionately. 

In  convalescence  the  restitution  of  luemoglobin  is  often  incom- 
plete; persons  living  in  malarial  districts  have  often  a  slightly 
smaller  percentage  of  haemoglobin  than  those  living  elsewhere. 

The  rai)id  diminution  in  haemoglobin  is  a  valuable  point  in  dif- 
ferential diagnosis  between  malaria  and  typhoid  or  pneumonia. 

White  Cells. — The  number  of  leucocytes  is  usually  subnormal, 
but  a  slight  increase  is  shown  at  the  beginning  of  the  paroxysm. 
Following  this  increase  there  is  a  rapid  decrease  continuing  through- 
out the  paroxysm.  The  small  number  of  leucocytes  is  to  be  seen  at 
the  end  of  the  paroxysm  when  the  temperature  is  subnormal.     From 
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until  the  beginuing  of  the  t 


,  this  time  it  shuws  a  gratUial 
'  attack  (Billings). 

In  a  general  way  the  white  cells  follow  the  saute  course  as  do 

The  ditfeivntial  count  tihows  a  lymphocytosis  whenever  the  white 
'  cells  are  subnormal,  the  larger  foi'ms  of  lymjjhocytcs  being  espe< 
I  cially  nmneroiis,  while  the  polymorphonuclear  cells  aiid  eosinophil's 
I  are  scanty. 

In  the  severer  testivo-autmiiiial  paroxyfims  Kclsoh  found  that 

the  leucocytosifi  of    licmiuious  malarial  attacks  often   consisttt    iD 

'  marked  lymphocytosis;  this  was  also  observed  by  Ewing, 

The  extent  of  the  leucocytosis  varies  between  10,000  and  .*t5,000 
oells,  the  latter  having  been  observed  by  Kelsch  shortly  before 
death  in  a  comatose  patient. 

Ill  four  cases  of  post-malanal  anemia  Billings  found  qoit* 
narked  leucocytosis. 

The  occurrence  of  pigmented  leucocytes  has  already  lieeii  men- 
tioned. 

Grawitz  and  others  have  noticed  an  inciease  of  eosintiphil^a  in 
post-malarial  anaemia.  I  have  frequently  found  small  pere«Dtages 
of  myelocytes,  three  [>er  cent  being  the  highest  in  my  experienoe. 


i 


MALARIAL  n,t:MOGL()BIN.t:MlA, 

During  the  pai-oxysms  of  this  form  of  the  disease,  the  ntu 
of  the  red  cells  is  much  diminished,  rouleaux  are  not  formed,  marked 
poikjlocytosis  with  nucleated  forms  is  observed.  The  leiuvwjtea 
are  increased.  The  regeneration  is  very  swift,  twenty-four  to  for^r- 
eigbt  hours  tieing  usually  sutficient  to  re-establish  normal  oqb- 
ditions. 

Typhoik  Fevkr  axd  Malakia. 

"  After  the  first  week  when  the  typhoid  fever  has  Iwconie  fully 
established,  active  eporulation  of  malarial  parasites  is  extremelj 
rare  "  (Ewing), 


DISEASES  DUE  TO  ANIMAL  PARASITES. 

FILARIASI8, 

ALTHnt'HH  most  coiiimoiily  fimnil  in  trojjieal  countries,  one  spe- 
cies of  ttiu  lilaria  sHngiiiiiis  houiiiiis  is  not  very  uiicuiituionly  found 
in  various  jjarts  of  the  Uiiileil  States.  Any  case  of  chylous  urine 
or  elephantiasis  should  leml  us  to  make  a  cai-eful  examination  of  thf^ 
blood  for  the  tilaiia.  Thei*  are  at  least  fouv  species  of  tilaria,  one 
of  which  is  present  in  the  blood  chietiy  at  night,  another  chiefly 


during  the  daytime,  aud  another  continuously.     Oidy  the  Jiliirin 
iiiicturnn  has  thus  far  be-en  seen  in  America  (Fig,  38). 

lu  examining  for  the  tilaria  a  slide  of  the  fresh  blood  is  ]ire- 
pai-ed  in  the  usual  way,  Imt  after  S;SO  o'l-hrk  in  th^  evntng,'  and 
examined  at  oni*.  The  embryo  of  this  parasite  (which  is  what  we 
tin<l  in  tlie  human  blood)  is  from  one-ninetieth  to  one-aeventieth  of 
an  inch  in  length,  i.e.,  about  fifty  times  the  diameter  of  a  red  cell, 
and  about  the  width  of  a  i-ed  porjinscle.  Seen  in  the  blood  it  re- 
tains its  vitality  and  motile  power  for  a  considerable  time,  so  that 
its  motions  may  continue  a  week  or  more  between  slide  and  cover- 

'  III  penwms  wlui  sleep  in  the  daytlmn  anil  work  at  nlghl  the  Iiabils  of  the 
ftlaria  are  luid  to  become  reversed,  so  tliat  it  appears  in  llie  peripheral  circula- 
lioD  chiefly  in  llie  daytime,  and  Is  lo  Do  looked  for  then. 
37 
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^lass.     Colli  has  little  effect  ii|ioi 
ftiling  to  do  moi*  than  make  the  ii 
A  (listiuctiou  fan  geiiei'ally  be  ii 
(■proper  ami  its  abeath  (see  Fig.  ;Wj. 

I  BBcapes  when  in  the  blood  of  the  uiusiiuitu,  which  inHeet  axrla  nut 
itti'i'e(|ueiitly  as  intennediaiy  host  and  eouvoys  the  ]iaraiiit>-  iiidi' 
rectly  t'ruui  uiiin  Ut  inaii  thi'uugh  the  uieiliom  i)£  wuter.     Aft4-r  iMtcrk- 


it,   even   freezing  t 

ivements  slower. 

uade  out  lietween  th«f  embryo 

From  this  sheath  the  eiubiyo 


«i\  the  mosquito  lays  it^  eggs  and 
r  tttreani  whence  the  tiinria  a)^ti 


ing  in  the  organism  with  the 
dies  ill  wmie  neighhoriiig  jmnd  o 
gains  access  to  men. 

It  Ib  a  hmg,  slender,  snake-like,  (^raoeftilly  Hhajted  worm,  and 
when  alive  its  activity  ia  so  )(reat  that  ineasureuients  and  ohaerra- 
tioiis  of  its  strueture  eonnot  l)e  umile  till  it  is  [laralyzed  by  ap- 
proaebing  death  (Kig.  40). 

Posteriorly  it  tapers  for  one-fifth  its  length  down  to  a  very 
Bharp  pomt.  The  extreme  end  of  the  tail  often  Imiks  a.H  if  articu- 
Utvd,  for  it  does  not  liarmouiEe  with  the  general  eurve  of  the  body. 


I 
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but  lies  bent  at  an  anglf .  Toward  the  head  it  tapers  verj-  slif^htly, 
and  wheu  alive  a  "  jxtiitiiig  "  moveniwit  as  if  of  bi-eathing  ran  be 
seen  at  ita  very  extremity.  About  the  middle  of  the  boily  a.  granu- 
lar aggregation  can  be  made  nut  alung  the  central  axis  of  the  ani- 
mal. Except  for  this  granular  jiortion  the  parEHite  is  bo  translueeiit 
that  it  is  not  easy  to  make  it  dut  at  first.  The  distiiK'tiuii  of  body 
and  sheath  mentioned  above  ap}>ears  as  a  "  idear  Bpace "  at  each 
eud  of  the  body  {rtJif  Fig.  S9).     After  the  motions  have  ceased 


it  V>ec«meB  darker  Hud  ti-aees  iif  transverse  striatioii  may  bt-  seen 
fFig-  41). 

It  has  no  Imomotive  power  and  eonfines  itself  to  wriggling  in 
the  same  spot,  Sauasure'  says  he  has  watched  them  "  fighting  with 
each  other  for  himrs." 

Tlie  head  of  the  filaria  is  said  by  some  anthorities  to  be  supplied 
with  feelers  or  flagella,  and  Manaon  describes  what  he  calls  a 
"cephalic  armatni-e"  or  fang  (Fig.  42). 

The  same  organism  can  sometimes  be   found   in  tlie  cliylnus 

'  Philaik-lpliia  Medical  Ncwh.  Jiioc  a8lU.  imy  wlicr..  !ir'  r.'|».rl:,  tw.'uly 
csu'8  BLfu  tu  (^Iwrlfstcm,  8.  C. 
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urine,  but  not  every  case  of  (jliyluria  is  tlui*  to  the  filaria  saii^tnis 
lioiiiiiiiB.  lu  a  considerable  portion  of  caseu  iin  suoh  or^^iiisiu  is 
tfl  bo  found. 

Henry'  succeeded  ui  atainiug  thi*  parasitex  Intra  vitnin  by  jpving 
the  patient  considerable  doaes  of  methylene  blue  iuternally  for  some 
weeks.  Unly  a  faint  bluish  tinge  was  imparted,  however,  to  the 
organism  by  this  method. 

For  finding  the  parasite  it  is  beat  to  use  a.  low  power,  not  an 
immersion  lens,  and  the  whole  of  several  slides  should  be  looked 

H|>e(;imen8  c-aii  be  dried  and  preserved  for  staining  jirovided  we 


do  not  heat  theui  over  a  lamp  or  pass  them  through  a  Hame,     Man- 
eon'  stains  with  eosin  and  mounts  in  "glycerin  jt-Uy"  (Fig.  +•'*). 

Several  other  species  have  been  observed  in  England  in  negroes 
from  the  Congo  Eiver,  but  not  hitherto  in  Amerii-a.  Bnt  as  it  fre- 
quently is  to  be  found  in  i>ersonB  who  have  no  sj-mptoms  whatever, 
it  may  well  lie  that  some  of  these  other  species  wonld  be  found 
here  if  one  took  the  trouble  to  seek  out  natives  of  Simthem  China 
(one  out  of  everj-  ten  of  whom  carries  about  the  filaria  in  his  blood) , 
or  of  Central  Africa,  or  other  tropical  regions. 

'  Med.  News.  May  ad,  1800. 

'TliP  "Filurift  SanKutnls  HominL)," 

CLInii.  IStta. 


by  Patrick  Mnii«m,  M,D..  Amoy, 
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SPIROCHETE  OF  RELAPSING  FEVER, 

Daring  the  febrile  paroxysms  uf  relapsing  fever,  and  for  one  e 
two  days  before  them,  Obermeyer  and  others  have  found  oonstantl 
present  in  the  peripheral  circulation  a  parasite  whose  length  aver^ 
ages  about  six  times  the  diameter  of  a  red  corpuscle.     Even  undar~ 
high-power  lenses  it  is  a  mere  thread  in  width,  curled  upon  itseU 


like  a  corkscrew  and  tu'tive ly  motile,  »»  that  in  exaiiiiriiiig  the  blood^ 
with  a  low  power  we  get  a  "  {lepuliar  impresciou  of  distitrbauoe  " 
among  the  red  cells. 

The  number  of  twists  in  this  spiral-shaped  organism  varies  a 
good  deal,  and  one  of  it^  motions  <'<inHiBts  in  contracting  au<]  e 
t^mliug  itself  like  a  spiral  spring.     It  can  thuH  multiply  ita  ow; 
length  three  or  four  times.      It  has  also  a  di-lieat*',  wavy,  Imt  r 
motion  along  its  long  axis.     The  whole  thread,  or  a  imrt  of  it  o 
may  have  these  motions.     Further,  the  whole  parivfite  has  pow 
uf  locomotion  apparently  inde|iendciit  of  th<>  eum'nts  in  the  blot 
plasma  of  a  slide  and  eorer-glaas  specimen.      Il«t  locomotion  Is  8 
compared  to  the  movements  above  deseribeil.      Fai-ticularly  i: 
blood  post  mortem  they  are  apt  to  wind  thrmsidvi-a  into  each  o 
so  as  t<^i  R<-em  mui'li  larger  than  they  actually  are,  and  sometiiues^ 
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a  large  "neat"  uf  them  may  look  like  n  leucijcyte,  except  for  the 
fine  wavy  threads  which  can  be  seen  in  motion  at  the  periphery  of 
the  mass. 

The  number  present  in  the  blood  la  very  much  smaller  at  the 
beginning  of  a  paroxysm  thaii  after  the  iwcond  day.  Unring  the 
first  few  hours  of  a  febrile  period  Moeyiitkowsky  couM  Hnd  only 
one  spii'oehsete  in  ten  or  twenty  microseopiu  tielils,  while  later  on 
he  saw  twenty  or  thirty  of  them  in  a  single  tield.  There  are  usu- 
ally more  parasites  with  eaeh  sueeessive  paroxysm. 

Blood  taken  from  different  parts  of  the  botly  often  shows  a  ^reat 
difference  in  the  number  of  organisins  to  be  found.  The  life  his- 
tory of  a  single  jiara-site  seems  Ut  W.  very  short,  but  they  moltijily 
with  the  greate.st  rapidity.  Albi-erht  has  seen  them  so  iiierease 
within  six  hours  that  whereas  at  tiist  lie  saw  only  a  few  in  the 
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Huauui  Blood. 


whole  slide  he  lat*r  found  many  in  each  tield.  As  the  spirochete 
dies,  its  movements  get  languid,  and  finally  it  breaks  up  into  amall 
granular  bits  (spores?) . 

Hetween  paroxysms  the  spiroehtetes  ai*  not  found,  but  there  are 
to  be  seen  jtecnliai-  highly  retractile  globules  compared  by  v.  Jaksch 
to  a  diplococeus.  The  latter  autlior  believes  that  he  has  seen  these 
develop  into  the  spiroehaete  at  the  l)egiuning  of  a  paroxysm  and 
hence  believes  them  to  \f  spores. 
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This  spirocliBete  is  found  in  all  oast'S  of  relapsing  fever  aiid  in 
no  other  known  disease,  so  that  like  the  plasuiodiuni  malarite  it  ia 
pathoguoinunic   and   of  tlie  highest 
lui[iortanee. 

AiuBUiia  and  leucocytosis  (during 
the  pai'oxj-sin)  are  among  the  aeo- 
ondaiy  residts  of  the  preseuci;  of  this 
parasite  in  the  bluud. 

Boeekman  reported  that  the  red 
ceUa  sink  duriu;;,  and  for  one  to  two 
days  after,  the  attack,  inereasing 
somewhat  in  the  afebrile  ]>eriodfl, 

Laptschinskj",  Heidem-eich,  autl 
Boerkmann  all  noted  conaideralile 
leucooytoais.  Laptschiusky  men- 
tioned the  presence  of  a  verj-  large 
number  of  coaisely  grautdar  leuco- 
cytes. 

A  certain  resemblance  has  U-en 
noted  Iwtweeii  the  spirochEete  and 
a  fi'ce  iiagellum  broken  olT  from  a 
malaiial  paraBite,  but  ttie  elinieal 
history  and  the  preseniw  or  absence 
of  other  evidence  of  malaria  in  the 
blood  would  easily  decide  the  qins- 
tion  of  diagnosis. 

Technh/iie  of  ExamhMti-iu.—Ka 
ill  liioking  for  the  malarial  organism, 
it  is  best  to  examine  the  liluod  fresh 
between  a  slide  and  cover-glass  (ride 
sHjiru,  page  7)  and  to  use  au  oil- 
immersion  lens.  In  dried  specimens 
the  organism  can  Ix-  stained  with 
fuebsin,  but  it  is  much  more  difSeult 
to  recognize  than  in  the  fresh  blood.  '    '  Piiin-iin-trt. 

The  spirilla  stain  well  with  aniline 

dyes,  and  Karlinski  suw-eeded  in  demonstrnting  flagella  with  some 
individuals.  Concentrated  solution  of  methylene  blue  stains  all 
spirilla  in  two  to  five  minutes.  Phagocytosis  (see  Fig,  48>  caji 
easily  lie  watched  iu  the  [leripheinl  IiIockI. 
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DISTOMUM  H^MATOBIL^. 

Bilharz  found  this  parasite  post  mortem  in  the  large  internal 
veins  (portal,  splenic,  mesenteric,  etc.),  but  as  it  has  never  been 
seen  in  the  peripheral  cii*culation  its  clinical  importance  is  thus 
far  7iU, 


ANEMIA  DUE  TO  INTESTINAL  PARASITES. 

The  bothriocephalus  latus,  ankylostoma  duodeuale,  and  a  few 
other  parasites  are  capable  of  producing  by  their  presence  in  the 
intestine  a  very  severe  amemia,  which  may  be  indistinguishable 
from  pernicious  auiemia.  Bothriocephalus  aneemia  has  been  studied 
by  Schaumann  in  a  monograph  (Berlin,  1894,  Hirschwald)  which 
is  the  very  acme  of  careful,  conscientious  work  and  eclipses  entirely 
the  fragmentary  observations  of  earlier  writers.  Ankylostomiasis 
has  been  thoroughly  studied  by  B.  K.  Ashford  of  the  United 
States  army  in  Porto  Bico,  by  Askanazy,  Rogers,  Sandwith,  and 
others. 


BOTHKIOCEPlIALrs   AN.EMIA. 

The  presence  of  the  lM)thrioi*ej)halus  latus  in  the  intestine  of 
man  is  usually  ai^companied  by  aiiiemia.  In  errtain  eases,  how- 
ever, under  conditions  not  at  all  clear  at  j)resent,  th(Me  is  produced 
an  anjcniia  of  the  severest  tyjH»,  diifering  from  ordinary  j)enii(dou3 
anieniia  only  in  its  curability  through  the  exjmlsion  of  the  worm. 

Soliaunianirs  magnificent  study  of  the  blood  of  38  cases  resulted 
in  the  following  data : 

1.   J^'if  n'lJa  at  time  of  first  (examination  : 

2,<KX).(K)()  to  2,500,000  in    1  ctise  (2. 1.50,000) 
l.rjOO.iKK)  **  2,(XK).000  **     9  cttses 
l.(KN).(NX)  -   1,500,(K)0  **  17      ** 
500,000  ^  1,000,000  "  10      ** 

Under  500,000  "     1  case      (395,000) 

38 
Avcmgf  i»f  uU  =  1.290.000 
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2.  Hcemoglobin  (first  test) : 

30  to  40  per  cent  in    7  cases. 
20  "  80       **        **  18     ** 
10  "  20       "        **  13     ** 

38  cases. 
Average,  25  per  cent. 

3.  Color  index:  Less  than  1  in  8  cases  (0.9  to  0.99),  more  than 
1  in  ^30  eases.  Average  1.09. 

4.  Average  diameter  of  I'ed  cells  7.4  microns  (slightly  above 
normal) . 

5.  Poikilocytosis  marked,  but  its  degi-ee  is  not  parallel  with  the 
degree  of  anaemia. 

G.  Rouleaux  formation  always  defective  or  altogether  absent. 

7.  Polychromatophilia  and  stippled  red  cells  common. 

8.  Nurleated  red  cells  present  in  all  eases  examined  for  them — 
26— but  without  parallelism  with  the  degree  of  anaemia.  Megalo- 
blasts  predominated  in  over  half  the  cases.  In  5  cases  megaloblasts 
only  appeai*ed ;  in  one  case  normoblasts  only.  In  the  other  20  cases 
both  types  were  present.     Mitoses  were  found  in  2  cases. 

Leurocijtes  usually  normal  or  subnormal  in  number. 

Differential  count  practically  as  in  pernicious  anaemia. 

The  eosinophiles  are  noted  as  "  very  scanty  "  in  25  cases  and  "  ap- 
parently somewhat  increased  "  in  1  case.  [This  is  in  sharp  contrast 
with  the  eosinophilia  usually  present  in  ankylostomiasis  {vide  page 
110.)]     A  few  myelocytes  were  noted  in  2  cases  with  leucocytosis. 

Blood  plates  diminished. 

So  far  the  figures  refer  to  untreated  cases  at  the  worst  stage  of 
the  disease.  Five-sixths  of  the  cases  were  entirely  and  apparently 
permanently  cured  in  about  two  months  by  the  expulsion  of  the 
worms.     Blood  counts  at  the  time  of  leaving  the  hospital  showed : 

In  3  cases  alwut  2,500,000  red  cells 
2  **  **  8,000,000  **  ** 
2  **  **  3,500,000  **  ** 
16  "  **  4.000.000  "  ** 
4  ^  **  4,500.000  **  ** 
4  **  **  5,000,000  "  ** 
Average  4,680,000  (16  cases  still  higher)  with  70  per  cent  haemoglobin. 

Thirteen  of  these  were  followed  up  after  dischai'ge,  and  in  these 
a  full  restitutio  ad  integrum  oeouri-ed. 
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ANKYLOSTOMIASIS  (UNCINARIASIS). 

The  first  careful  observations  of  the  Wood  of  which  I  have 
knowledge  are  those  of  Zapi)ert  in  1891^.'  The  foUowiiif^  c*uunt8 
are  reported  by  him : 

IVr  «fni 
Cane.  Rtnl  (t*lLv  HiPin<»irIohio. 

1 5. 1J^).<HH»  .50 

2 4.;iS4.(KK)  40 

3 4.:«U.U(K)  .*iO 

4 4.272.(HK)  ») 

5 ;i72S.(M)0  4ri 

6 3.8:2.(HK)  40 

7 «,272JKH)  25 

H 3.244.(HM)  40 

» «.2(4.(H)0  40 

10 2.040.(H)0  25 

11 2.4WJ.OOO  25 

The  most  striking  fact  heiv  is  tlie  low  color  index.  The  anaemia 
is  of  moderate*  grade. 

Muller  and  Kieder'  were  the  first  to  note  the  e()sino})hilia  whieh 
later  observations  have  shown  tx)  Ik*  so  fiv<iuent.  They  recMinl  8.:* 
lH*r  cent  an<l  9.7  per  crnt  in  *2  cases  of  the  disease.  Zap]K»rt  n- 
ivYs  to  L'  ("asfs  witli  17  iH»r  c»Mit  of  rosino|»hiU*s. 

KogtTs"  conipari's  tlie  anjiMiiia  jU'odm-iMl  by  tlu*  ankyl<»toni:i 
witli  tliat  dnv  ti)  malaria  and  with  tht*  bloo<l  of  tlie  avi»ragt'  nativt-  «if 
Assam,  wlicre  his  studies  were  carried  on.  Mis  results  are  shown 
in  tlie  following  table: 


Hill  «M'1N.  \Vhlt«' <'«-Ils.         H:<Mii«»ir|i  tun. 


-       -        ■                              ■ I  ~         ■ . 

Hralthv  Assiinu-M- 4.7:UJMM>  7.:{'J.")  «iT  prr  <'riit, 

Clin.nii- iimlariM ,  2.<hhj.<HM)  \.mt  :U 

Ankvlostniiiiasi^ 1.1  I.*».<mh>  r,.8:{s  ir, 


Hogers  (lofN  imt  irler  to  the  percentage  of  eosinopliiles. 
In  1S91  r»uckl»'r.s'  reported  the  follnwing  <"ouuts : 

'ZapiM-rt:   Wim.  klin.  Wncli..  isjrj.  Nn.  -^M. 
•Miillrraml  Hirdrr:  Arcli.  f.  klin.  Mcil.  vol.  xlviii. 

Hrit.  Mnl.  Journal.  liHH).  p.  .""»:«». 
M{u<kKr>:  Mnnch.  med.  Wmh..  W*4.  No.  2. 
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Red  cells 

White  cells 

Haemoglobin 

Eosinophiles 

Polynuclear 

Lymphocytes  and  transi- 
tionals 


Ciifle  I. 

II. 

3.649,000 
13.000 

15.666 

46 
37 

"4%' 
74 
22 

III. 

IV. 

V. 

3,954,000 

20,600 

45.0JJ 

•  •  •   • 

2\% 

58.6 

10.4^ 

22 

22.3 

46 

58 

25. 1 

43.6 

25 

VI. 


25.0jlf 
21.2 
32.2 
46.6 


Leichtenstem  (referred  to  by  Ehrlieh  aiul  Lazarus)  illustrated 
the  behavior  of  the  eosinophiles  in  the  presence  of  a  secondary  in- 
fection by  this  case : 

"  In  the  blood  of  a  very  anaemic,  almost  moribund  patient  with 
ankylostomiasis  there  were  found,  in  1897,  72  per  cent  of  eosino- 
philes. The  patient  contracted  a  croupous  pneumonia,  and  in  the 
high  febrile  period  of  the  disease  the  eosinophiles  sank  to  6  and  7 
per  cent,  rising  again  after  the  termination  of  the  pneumonia  to  54 
per  cent.  After  removal  of  the  worms  the  eosinoi)hiles  fell  at  once 
to  11  per  cent. 

"  In  1898,  when  the  faeces  contained  but  very  few  ankylostomata 
.   .   .  the  eosinoi)hile8  amounted  to  8  per  cent. " 

At  my  request  Dr.  Bailey  K.  Ashford,  lirst  lieutenant  and  assist- 
ant surgeon  in  the  United  States  army,  has  written  the. following 
account  of  his  studies  in  the  ankylostoma  anaemias  of  Porto  Rico. 
His  results  will  soon  be  more  fully  reported  in  monographic  form. 

ANKYLOSTOMIASIS. 
By  Bailey  K.  Ashford,  M.D., 

FIRST   LIEUTENANT,    ASSISTANT  SURGEON,    U.  S.  A. 


Thk  Blood  in  Gross. 

The  gross  appearance  of  the  l)lood  in  severe  cases  shows  a  great 
diminution  in  color  and  fluidity  of  the  drop  taken  for  examination. 
The  statement  that  it  resembles  water  in  which  fresh  meat  has  been 
washed  holds  tnie  in  many  instances.  Under  the  microscope  there 
is  observed  a  great  paucity  of  cellular  elements  and  a  frequent  ab- 
sence of  rouleaux. 
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Quantitative  Changes. 

Med  Corpuscles, 

There  is  a  progressive  tendency  to  profound  oligocythsemia,  even 
to  as  great  an  extent  as  is  found  in  sevei*e  cases  of  pernicious  anae- 
mia, and  to  an  even  greater  oligochroma^niia. 

Eighteen  cases  were  examined  in  Ponce,  Puerto  Rico,  at  the 
field  hosj)ital  for  storm  sufFei*ers  of  August  10th,  1899.  Of  the  eigh- 
teen cases  the  average  count  was  1,77(>,17(>  red  cells  per  cubic  mil- 
limetre on  admission;  the  lowest  recorded  was  (>68,888,  aiid  the 
highest  was  ,S,084,44()  j)er  cubic  millimetre,  both  these  counts  hav- 
ing l)een  taken  after  thi*ee  weeks'  observation ;  10  cases  on  acbnission 
gave  counts  ranging  fi-oni  1,000,000  to  2,000,000;  7  cases  between 
2,000,000  and  .S,000,0()() ;  one  case  fell  beh)w  1,000,000. 

Sandvvith  studied  in  Egypt  17,S  cases.  Of  tliese  only  l\  exceedeti 
4,000,000  red  cells  i)er  cubic  millimetre;  twenty-three  \wr  <^nt 
were  found  to  have  l)etween  8,000,000  and  4,000,000;  4(>.8  \wy 
cent  lay  between  2,000,000  and  3,000,0(M),  and  28.3  per  cent  liad 
less  than  2,000,000.  His  minimum  count  was  9.'i0,000,  and  liis 
average  count  of  hospital  cases  was  1,290,000  j)er  cubic  milli- 
metre. 

Counts  as  low  as  /)00,000  have  been  recorded.  In  mv  series  the 
abrupt  rist*  and  fall  in  blood  count  was  astonishing,  and  error  couhl 
liardly  have  l)een  made,  as  tlic  two  counts  which  were  made  at  ea^'h 
examination  tallieil  very  closely  in  each  instance.  Three  (»as*\s  ^\\" 
ing  respectively  1,200,000,  1,484,440,  and  1,(J00,000  fell  in  txUnit 
three  weeks  to  801,104,  ()87,77(),  and  ()(;8,888  red  cells  i>er  cubic 
milHmetre.  Two  rose  f nmi  r)97,77()  and  2,0()4,r)()4  to  2,^)64,440  and 
8,084,440  per  cubic  millimetre. 

We  must  make  allowances  for  intensity  of  infection,  virulence*  of 
infection,  immunity,  etc.,  but  ordinarily  the  red  blood  eount  in  typ- 
ical cases  will  present  from  l,r>00,0<K)  to  2,r)00,000  |»er  cubic  uiilli- 
metrt».  Some  of  the  Puerto  Rican  cases  demonstrate  a  severe  tyjK» 
of  tlie  disease,  an<l  notes  of  otlier  cases  then*  show  tliat  counts 
nearer  1,000,000  are  frecpicntly  encountered. 

This  tremendous  loss  of  blood  is  seemingly  well  lK)rne  for  a 
longer  period  than  one  would  expect,  and  men  with  one-fourth  their 
normal  cpiota  of  red  blood  corpuscles  subject  themselves  to  quite 
hard  labor. 
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White  Corpuscles. 

There  is  probably  no  true  leucocytosis  in  the  disease.  As  it  is 
an  affection  liable  to  be  complicated  by  other  diseases  producing 
leucociytosis,  we  can  easily  explain  many  of  the  classical  referen(^es 
to  the  "leucocytosis  of  ankylostomiasis."  An  examination  of  the 
chart  of  the  Ponce  cases  will  show  this  more  plainly. 

The  average  number  of  white  corpuscles  in  these  cases  was 
about  7,000  per  cubic  millimetre.  One  case  with  lobar  pneumonia 
had  18,000  leucocytes  ])er  cubic  millimetre,  and  another  with  ab- 
scess of  the  liver  had  11,000.  Excepting  one  case  (with  12,700), 
all  the  rest  were  well  l)elow  10,000,  and  the  average  of  17  uncom- 
plicated cases  was  about  G,000.  The  lowest  record  was  1,500  per 
cubic  millimetre. 

Hannofflnbin. 

The  haemoglobin  is  more  reduced  than  the  red  blood  count.  In 
Sandwith^s  cases  the  haemoglobin  average  was  26  i)er  cent.  The 
average  of  18  of  the  Ponce  cases  gave  about  21  per  cent  of  haemo- 
globin and  an  average  color  index  of  0.62  for  17  of  them.'  The 
lowest  reading  was  10  per  cent,  the  highest  30  i>er  cent.  Twic^ 
only  the  color  index  rose  above  1.0;  onc^  to  1.43,  and  once  to  1.09. 

QUALITATIVK   ChAXOEvS. 

(«)  Med   Corpusrh'8, 

Poikilocytosis  was  present  in  1()  of  17  of  the  Ponce  cases. 
Macrocytes  are  exceedingly  common  in  this  disease,  as  are  also 
microcytes,  and  the  deformities  of  the  cells  in  advanced  cases  are 
as  varied  and  as  fi*equent  as  in  })ernicious  anseniia. 

Polychromatophilia  was  marked  in  only  4  cases,  but  irregularity 
in  staining  is  a  prominent  sign. 

Normoblasts  mid  Megalobla^ts, 

Normoblasts  and  megaloblasts  are  api)arently  not  so  frequently 
met  with  as  in  pernicious  anaemia,  and  there  is  seldom  a  case  re- 
ported as  having  a  i)reponderance  of  the  latter.  Among  the  Ponce 
cases  only  one  patient  presented  an  equal  number  of  each.     The 

>  The  von  Fleischl  apparatus  was  used,  and  tlie  capillary  tube  was  three 
times  tilled  that  chances  of  an  error  might  be  minimized. 


432  SPECIAL  PATHOLOGY  OF  THE  BLOOD. 

average  number  of  normoblasts  per  cubic  millimetre  was  about  .'^5; 
of  megaloblasts,  about  7.  Five  cases  had  no  normoblasts  and  12 
had  no  megaloblasts,  while  5  had  neither. 

II  It  lie  Corpuscles, 

In  the  differential  count  the  polymorphonuclear  neutrophiles 
gave  an  average  of  G3  per  cent.  The  lowest  noted  was  40  |>er  cent, 
and  the  highest  74  per  cent.  The  normal  was  not  disturbe«l  save 
when  the  percentage  of  eosinophiles  rose ;  then  that  of  the  polj'mor- 
phonuclear  neutrophiles  sank  proportionately  to  the  rise  in  the 
fonner.  As  seen  by  the  chart  of  the  Ponce  cases,  addition  of  the 
|)ereentages  of  the  two  varieties  gives  us  a  normal  polymorphonu- 
clear neutrophile  count. 

There  was  no  lymphocytosis  noted.  The  average  was  about 
19  })er  cent  for  small  lymphocytes  and  7.5  per  cent  for  the  large 
variety. 

T/te  rosinnjthllt's  show  a  remnrkohle  inrrense  in  some  cases  and 
some  increase  in  nt»arly  all.  The  average  eOvsino])hile  count  in  the 
Ponce  (»ases  was  10.3  per  cent;  (5  showed  a  jxn*centage  at  or  below 
4.  The  highest  was  40  i)er  cent,  the  lowest  IJ  ])er  cent.  Three 
were  respectively  l.S,  ,S1,  and  40  i)er  cent. 

Atlas,'  of  Vienna,  reports  a  case  with  \(\  ]H»r  cent  of  eosino- 
pliilrs,  and  Kwasni<-ki,*  of  (ijilicia,  one  witli  -4  \h^v  cent  of  the.M' 
cells.  The  i)olynior|)honuclear  neutrojihiles  in  cacli  instan<*e  wen* 
respectively  ol  and  \\)  per  cent  of  the  total  differential  count. 

These  facts  would  seem  to  suj^'gest  (1)  that  the  blood  in  this 
disease  is  modified  by  some  toxin,  as  post-heniorrhagic  anaemia  has 
not  this  cliJU'acteristic  ol  eosinophilia,  and  trichiniasis,  a  disease  due 
t^»  another  neniatcxle  parasite,  has.  Indeed,  it  was  this  eosino- 
|»liilia  anil  the  coincidence  of  the  discovery  of  hij^h  eosinophilia  by 
Bn»wn,  of  Johns  Hopkins  University,  in  the  first-nanieil  affection 
that  led  the  writer  to  susiH'ct  an  animal  parasitic  origin  in  the  cases 
of  anjeniia  at  Ponce. 

(*J)  That  these  cases  had  ])resented  jit  sonn*  i)eriod  of  the  infec- 
tion a  hij^dier  eosinophilia,  especially  those  bt^aring  a  lower  })ereent- 
age.  Tlie  cases  with  the  tliree  liigher  counts  were  of  conn)aratively 
acute  cliaracter. 

Myelocytes  are  occasionally  re])orted,  a  notable  case  Ixnng  that  of 
Plickliahn,"'  of  St.  Louis,  Mo.  One  of  the  Ponce  cases  showed 
a  lew. 
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UK   BiMip   Examinations    in    Ninbtebn    Casks    at   Ponce, 
Porto  Rico. 
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The  course  of  the  convalescence  is  remarkable  for  its  brevity  in 
acute  cases,  but  when  serious  secondary  affections  are  engrafted  on 
the  original  disease  it  is  vei-y  slow.  The  chief  difficulty  seems  to 
result  from  (lainaged  intestine  and  heart.  One  of  the  writer's 
patients  at  the  beginning  iif  treatment  was  in  imminent  danger  of 
28 
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suecumbing  to  the  ajiiemia.  He  was  a  boy  of  about  ten  years  Ot 
age  and  his  ease  ar.ute.  Within  six  weeks  he  was  transl'urmvd  inta< 
at!  niildy  a  speciuieii  as  could  be  expected,  on  the  adininistiutian 
of  the  usual  thymol  treatment. 

Of  Saiidwith's  173  cases  he  states  that  the  least  gain  on  trvafr-' 
ment  was  310,000  red  cells  j>er  cubic  millimetre.  Atiutht^r  case,  that 
of  a  boy,  gained  in  one  mouth  seven  jMmnda  in  weight  and  2,  li08,C 
red  cells  per  cubic  milliinetre.  Ten  patients  gained  in-er  2,000,0< 
one  of  them  2,>>42,OO0.  His  average  gain  of  all  cases  iu  haeuir 
globin  was  22  to  .'W  per  cent. 

Agnoli*'  reports  a  case  in  which  there  was  a  gain  of  2,168,000 
red  cells  per  cubic  millimetre  and  of  twenty-six  pounds  in  weig 
in  thirty-five  day  a, 


,  1894. 

min  lu  anchytostumlui.' 
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TRICHINOSIS, 

In  March,  189H,  a  case  of  trichinosis  entered  Professor  ( 
wards  at  the  Johns  Hopkius  Hospital.    The  stmly  of  the  blood  of  tlii 
case  by  Thomas  R.  lii-ywn  was  the  means  of  calling  the  attentJua  u 
tht!  profession  for  the  tirst  time  to  the  value  of  hlood  exajninatioa  I 
in  the  diagnosis  of  trichinosis.     The  blooil  was  examined  dailj-  for  I 
over  two  months.     The  total  Icucocj-te  count  gruduaUy  roso  frum  J 
]",000  lit  entrance  to  a'i.TOO  forty-four  days  later.     Thenoe  it  de-    I 


I 
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clined  until,  on  the  sixty-eighth  day,  it  was  11,000.  The  eosino- 
philes  were  37  per  cent  (6,300  absolute)  at  entrance,  and  rose  with  the 
total  count  until  a  percentage  of  54  (19,500  absolute)  was  reached 
on  the  forty-fourth  day  (when  the  total  leucocytes  were  35,700). 
The  highest  percentage,  68.2,  was  reached  on  the  forty-ninth  day, 
when  the  leucocytes  were  17,700  (eosinophiles  11,070  absolute). 
On  the  sixty-eighth  day  (the  date  of  discharge)  the  eosinoj)hiles 
were  68  per  cent  (1,850  absolute). 

[For  the  daily  counts  of  this  splendidly  studied  case  see  p.  484.] 
A  year  later  Brown  studied  a  second  case.     His  examinations 
showed  as  before  a  very  marked  eosinophilia  (see  table  LXIX.). 

Taule  LXIX. — Case  II. — Blood  Chart. 


Pkrckntagk  op  the  Variois 

Total  Ni'Mbkr  or  Various 

Leuco- 

Forms of  LKrcocYTKs. 

Forms  pkr  c.mm 

• 

Dati. 

cytes. 

P.N. 

L.  M. 

s. 

E(M. 

P.  N. 

s. 

L<.  M. 

Eod. 

Neui. 

and  T. 

MonoB. 

Neut. 

Monos. 

and  T. 

AprillSth.. 

13.000 

48.1 

6.5 

1.4 

42.8 

5.600 

180 

840 

5.560 

16th.. 

•   •   •   • 

47.7 

4.7 

4.5 

89.1 

17th.. 

•   •   •   • 

52.0 

2.8 

7.6 

37.6 

18th.. 

8.000 

19th . . 

•   •   •   • 

57.2 

2.8 

8.0 

82.0 

20tli . . 

8.900 

55.2 

3.8 

11.2 

81.8 

4.900 

1,000 

840 

2,830 

2l8t  . . 

8.700 

22<l. . . 

10.700 

58.0 

2.7 

11.7 

27.7 

6.200 

1,250 

290 

2.960 

28d. . . 

6.000 

56.2 

2.0 

15.2 

26.2 

3.370 

910 

120 

1.570 

24th.. 

11.000 

60.4 

4.0 

13.2 

22.4 

6,640 

1.450 

440 

2.460 

25th . . 

ll.mK) 

57.2 

4.2 

18.6 

20.0 

6.290 

2.050 

460 

2.200 

26th.. 

9.600 

60.7 

5.8 

12.3 

21.7 

5.830 

1.180 

510 

2.080 

27th.. 

11.300 

63.0 

5.0 

17.0 

14.7 

7,120 

1,920 

560 

1.660 

28th . . 

12.700 

62.7 

4.0 

17.0 

16.3 

7,960 

2,160 

510 

2.070 

29th . . 

12.000 

67.0 

3.25 

16.25 

14.0 

8,040 

1.830 

890 

1,680 

May  1st . . 

10.700 

58.3 

4.0 

22.0 

15.7 

6.240 

2.350 

430 

1.680 

3d... 

13.  (MX) 

64.3 

4.0 

16.0 

15.7 

8,360 

2,080 

520 

2.040 

5th.. 

12,000 

64.7 

4.0 

16.0 

15.3 

7.760 

1,920 

480 

1.840 

7th.. 

9.300 

62.8 

4.0 

16.4 

16.8 

6.140 

1.530 

370 

1.560 

10th . . 

10.700 

60.4 

2.8 

16.4 

20.0 

6.460 

1.750 

300 

2.140 

12th.. 

11.000 

60.4 

3.3 

16.6 

19.6 

6.640 

1,820 

360 

2.160 

14th . . 

12.000 

58.8 

2.8 

18.8 

19.6 

7.060 

2.260 

340 

2.350 

17th.. 

9,000  ' 

58.8 

3.6 

20.0 

17.6 

5.290 

1.800 

320 

1.580 

Brown  ^s  third  ease  was  studied  in  December,  1897. 

The  blood  (Table  LXX.)  on  admission  showed  45  per  cent  of 
eosinophiles,  and  this,  as  in  the  two  ])revious  cases,  led  to  the  diag- 
nosis of  trichinosis  and  the  subsequent  confirmation  of  that  diagnosis 
by  the  removal  of  a  portion  of  muscle  and  the  discovery  of  trichinae 
therein. 
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Tablk  LXX.— Cask  III. — Blood  Chart. 


Dau^. 


2Jkl 


Jan. 


27th  . . 

8<1 . . . 

Tth  . . 
lOth  . . 
14th  . . 
22<l . . . 


II«h1  blood 
oorpuHi'Ies. 


4. 7(H).  000 
4,300.000 


4,546,000 


U'uoo- 
ryt*nj. 


17.(KK) 
15.300 
12.0(K) 
14,700 

Wiim 

9.000 


Per  wnt     '     Per  rent 
polymontbo-  lanre  nioii<»- 

nuclear      nucleara  and 
neutiyft»hilett.  i  trannltii >nal. 


48.4 
52.7 
42.4 
42.2 
31.6 
32.4 
a5.2 
45.5 


4.7 
3.6 
4.0 
4.2 
4.4 
3.0 
4.0 
2.0 


Per  f-ent 

small  tuono- 

nuHearn. 


1.5 

3.1 

5.6 

4.6 

19.0 

21.8 

23.4 

17.7 


Pendent 
eitHi  Del- 
phi leit. 


4.V4 
40.4 
45.0 
49.0 
44  6 
42.8 
87.2 

:m.7 


This  case  was  seen  siibseciueiitly  (July  10th,  1898)  six  months 
after  the  (lisaj)peai'aiice  of  all  syniptoins,  ami  tlie  following  {norma f) 
count  was  re^stered. 

The  count  made  on  July  10th,  1898,  was: 

I^MUMM  ytfs  (per  c.mm. ) 7,000 

I*olymorphomiclear  iieutn>phih*s 6H  per  cent. 

Small  inoiiomich'nrs 28       ** 

Ijiir^«*  moiiomirh'ur  ami  trunsitional  forms 6       ** 

Kosinophilcs 3 

A  fourth  ease  was  rejM^rt-ed  hy  the  same  writer  in  January,  1899 
{MtfiintI  Xfirs).     The  counts  wen»  as  follows: 


VhW,  IMIh. 


I>*U»t»- 
!      rv!««. 


AllJJTU.vt     Stli 

KMh 

i;<tii 

2sth   .... 

S<«pt<'iiilH'r    4th.. 

IHtli.. 

25tli.. 

<)<tnlMT  2tl 

NovrmlHT  5th.  . 
13tii.. 
20th.. 


IS.KK) 


H.2<M) 
7,JHH) 

9.6(H) 
s,75() 


PtT  r»*nl 

Per  ••enl 

.Hniall  iiiono- 

nui'leapi. 

Per  i-ent 

|)olviiiurplH>- 

larve  mononu- 

Kiwino- 

1       huritiir 

clears  and 

pbUen. 

neiiiniphileK. 

tranhitioiial^. 

•    •    •    ■ 

•    •    •    • 

•    •    •    • 

48 

43 

7.3 

1.7 

4H 

45 

14.5 

•> 

8S.5 

49 

1H5 

2.5 

30 

55.2 

19.6 

28  2 

61.5 

16 

2.5 

20 

54 

19.5 

2.5 

24 

49 

40 

2.5 

H.5 

64.5 

27 

3 

5.5 

61 

27 

4.5 

7.5 

In  January,  19(K),  lUunier'  and  Neumann  re])ort  a  "Faiuilv 
Outbreak  i>f  Tri<-hin<)sis  '*  includinj^nine  cases.  The  (iounts  were  as 
follows: 

'  Ainrri<-an  Jdut.  M<-d.  Siienct^s. 
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Nbhih. 

Lfuc^ 

polynu- 

IVr.-™i 
UuiwlHiinil 

ppfi-Mii 

ivrn-nl 

"""■ 

tanrpmr^ 

"^ZT 

phllJik 

Ci«I.    D.V 

"-"■S 

11.11  III 

<;.« 

H.H 

aj 

4IW. 

lAh 

12.11 " 

aia 

1.4 

:a 

■■K.t 

M 

Hji 

llJt 

April  Isl 

1-<9«I 

73.11 

Wi 

10.11 

C«ea    Mnryr... 

MBIl-b    Wll 

».WII 

KJnli 

ti 

,K 

IMI 
4JI 
ltj( 

ai.4 

I2.nii 

April  ISI 

Klin 

«jl 

4J! 

S.2 

41Ji 

Cuea.   A.V 

H«n'b    mh 

■unl!! 

KS.4 

tt.4 

MJI 

tS 

■MM 

tmb 

■H.4 

3.H 

sia 

auh 

KIWI 

>M.£> 

Apni  111 

iwm 

»M 

iitl 

Cuel.    Hn.D.  V. 

M.n-b   «h 

H.IIIIIJ 

fil.<> 

:.M 

IL" 

.Ufl 

Vii'd 

(■«.« 

.i3 

.UN 

i:i.Aii 

MM 

n.11 

11.(1 

30.11 

CMe.1.    T.  V 

Min'li   Wl. 

N.l»i 

'(ill 

III.H 

a.4 

no.! 

lai. 

i*.i««i 

!«,Mlll 

«UI 
41.4 

4J! 

ii.n 

ilk* 

4tj; 

»tli 

It.HKII 

3^.11 

3..1 

W.S 

43J» 

0^a^  j[_,( 

Hiri'b    Mb 

H.IH1 

4.V1 

1.1.18 

7_n 

IB.  IS 

llkli 

i:jMI 

1IL4 

S.M 

4IIJI 

3Hib 

S.fl 

KW 

as.* 

April  Wib 

H,lllll 

M.4 

its 

iB,b 

CweT.     J.V 

Msn-b  Ulh 

s;; 

as 

3.; 

'g 

117  jl 

aub 

IH.IIIII 

d.n 

13.(1 

».* 

Aprill-< 

H.««l 

»>!.') 

U.l> 

im 

»».■ 

Cues.    tLV 

in,i«ift 

»i.ii 

a»ii 

.-n.n 

as.ii 

4  in 

"M 

HIA 

i&ini 

H.A 

fl,S 

9Si 

».T8 

April  1.1 

lirt" 

44.11 

;.ii 

OubO.    Un.  It.(I. 

v.e 

Sl.4 

n.n 

iCw 

iieis 

4.0 

io.u 

9Hh 

LMIM 

nr.ii 

i;w 

April  Wh 

.yn. 

74.0 

S.1I 

'■■■" 

My  own  exiH-rieiiw  ia  as  follows : 


».. 

».. 

Rwl 

White 

4 

1 
1 

1 
1 

Hlif 

Sep<<>mh>'r-9Kb.  I>W7. 
arpWDihcr  eiiuim! 

!a£:::::: 

IMh 

l«h 

33d 

S.UII.I»I 

4.Brai.(iii 

is 

71 J 

3tJI 

r 

IB 

£il 

S 
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owe. 

»». 

Red 

Sf 

'4 

1 

1 

^1 

4 

li 

"""-a.:;:::: 

6.7*kmo 

IftSOO 

E 

la.  no 

1S8 

«n 

i 

i 

3; 

1 
1 

31 

£.0 

.8 

Sf»enuid«j- 

nft«nUnl»i 

AtkuiHon'  reports  one  case  as  follows: 


»,. 

BHlrelll. 

sr 

I 

l| 

,„U„,JJ,,|»................... 

ft.UKI«n 

'*? 

ii 

■ 

1! 

414 

i 

w 

ss 

X 

<iwyii'  ie|iort8  n  similar  casw  in  wbii'h  the  eoRinophiles  raiif^d 
from  '-i'-i  U>  (ir>.lt  i^r  ifiit  duriiin  u  juTicKl  of  nix  wpeks.  Thf  It-u- 
CM-ytcs  w.-iv  at  (■in-  tiim-  17.(MH)  jht  ciilii.'  tiiilliim-tiv. 

Stitiii])'   fiiunil  W  jH-r  i-i'iit  of  posiimiihili's  in  liis  case. 

W.  \V.  KiTr'  [lilts  the  fnllnwiiig  HRiires  i>u  rfciinl: 


I   lO.->  I   lO.B  I  :tl.l 


')>liil».  .M'mI.  J.njniiil  Jiiiir  »< 
' (■-■iilnillil.  r.  lliikt,.  V..1,  x.\v 
M'lnlH.  M.-<i-J.uirii..  Jim.'  I7i 
•E'liilii.  Mol.  Jr.iirmil.  Au^xsi 
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Date. 
1880. 

Red  cells. 

White 

(«llS. 

Per 

cent 

btemo- 

fflobln. 

Per 

cent 

polynu- 

clear. 

• 

Per 

(«nt 

small 

lympbo- 

oytea. 

Per 

cent 

larsre 

lymphtK 

cytes. 

Per 

cent 

eosino- 

pbllea. 

Case  1 . . 

Nov.  20th 

•   • 

48.0 

8.0 

8.0 

84.0 

22d 

■   • 

50.8 

2.0 

14.0 

82.0 

28d 

•   • 

52.4 

10.9 

6.8 

38.8 

27th 

•  • 

40.0 

15.0 

4.0 

41.0 

29th 

4,250,000 

10.000 

100 

22.5 

19.8 

14.6 

48.0 

Dec.    8d 

•   • 

28.7 

2.8 

10  6 

57.8 

8th 

•   • 

10.6 

6.0 

14.8 

68.7 

11th 

•   • 

28.6 

18.2 

14.8      48.9 

13th 

•   • 

28.9 

9.8 

5.6 

60.7 

Case  2.. 

Nov.  17th 

• 

41.6 

16.4 

28.9 

18.1 

18th 

•   • 

58.2 

18.9 

6.0 

21.9 

20th 

«   • 

87.0 

11.0 

6.0 

45.0 

2l8t 

•   • 

84.0 

11.0 

4.0 

50.0 

22(1 

•   • 

20.0 

8.2 

8.2 

68.0 

23(1 

•   ■ 

15.3 

5.7 

2.1 

76.9 

24  th 

■   • 

10.4 

7.2 

1.4 

81.0 

2r>th 

•   ■ 

10.5 

6.4 

2.4 

80.7 

27th 

3,840,000 

20,666 

77 

17.0 

6  4 

9.1 

66.9 

29th 

•  • 

6.5 

3.9 

8.4 

81.2 

Dec.    1st 

•  * 

4.2 

8  0 

6.1 

86.6 

2d 

•  • 

11.4 

10.1 

4.9 

78.5 

M 

•  ■ 

10.0 

7.8 

6.1 

76.6 

r)th 

•  • 

14.8 

8.0 

7.0 

70.2 

6th 

■  • 

0.75 

5.0 

18.8 

76.0 

Hth 

•  t 

8.1 

9.5 

8.6 

78.8 

9th 

•  •     •  •  • 

•  • 

10.9 

8.6 

9.0 

72.7 

nth 

•  • 

11.2 

18.2 

14.2 

56.4 

13th     8,300,000 

17.000 

■  • 

18.1 

9.4 

9.8 

68.2 

Harlow  Brooks'  examined  the  blood  in  one  ease,  and  found 
at  the  time  of  admission  to  the  Belle\nie  Hospital  (February  2d, 
1900)  18,000  leucocytes,  with  10  per  cent  of  eosinophiles ;  on 
February  12th,  1900,  44  per  cent  of  eosinophiles ;  thence  a  steady 
increase  up  to  83  per  cent,  followed  by  a  decline,  until  on  March 
14th  15  i)er  cent  of  eosinophiles  was  present.  Many  of  the  granules 
wer  smaller  than  those  of  normal  eosinophiles,  but  there  was  no  evi- 
dence of  forms  transitional  between  eosinoi)hiles  and  neutroi)hile8. 

F.  P.  Kinnicutt'  reported  a  similar  case,  and  H.  C.  (rordinier* 
mentions  two,  one  presenting  77  per  cent,  the  other  29.9  per  cent 
of  eosinophiles. 

'  Med.  Record,  May  19tli,  1900. 
^Practitioners*  Sm-.,  February  2d,  1900. 
8  Medical  Record,  OcU)l)er  20th,  1900. 


440 


SPECIAL  PATHOLOGY  OP  THE  BLOOD. 


Smnniary, 

From  the  total  of  counts  in  cases  hei*e  assembled  the  constant 
presence  of  eosinophilia  in  trichinosis  may  safely  be  inferred. 

The  chara(;teristic  blood  lesion's  change  trichinosis  fix^in  tlie 
position  of  a  disease  very  difficult  and  uncertain  of  diagnosis  (with- 
out excision  of  a  bit  of  muscle)  to  one  whose  recognition  is  usually 
easy.  Cases  foi-merly  diagnosed  as  typhoid,  muscular  rheiuuatism, 
or  neuritis  now  lind  their  true  interpi-etation. 

Otht*r  Intestinal    Worms. 

Bucklers,  working  under  Leichtenstern's  direction,  has  recorded 
the  following  data  in  cases  affected  with  various  more  or  less  inof- 
fensive wonns: 

I.  ANoriLLCLA  Intehtinalis. 

VffT  virnt. 

Eosiuophiles 13.5 

Polynuclears 88.5 

Lymphocytes  and  tmnHitionul 48 

U.  AxcaiLHTLA  Intestixaus  with  Ankyloktoma. 

EoHinophiU's 15 

I*()lvniu*l<*ars 58 

LymplMK'yU»8  and  tmnRitioimlH 27 

III. 


EosinophiU^s 

Polynuclfttrs 

Lvnipli(K'vt<'9Hii(l  trail 
Ritionals 


Cant'  I. 

OxyuriMand 
aiM'HUdeH. 


19  per  rt. 
58       " 

2H       ^ 


(awf  II. 
Oxyurut. 


U\  per  ct. 
21       ** 


ruMe  III.  r&M*  IV. 

Oxyiirlt*  with       <»xyurl!«  with 
aMraiid^M  and   jaM'aiKleM.  tii<-ti- 
tiichmvphalui*.  J  «Mt*pliaIU}»an«l 
; Taenia  tMuriomta 


8  per  ct. 
«9       '• 


23 


f:  ■* 


"».  t  i>er  <*t. 
31.0 


IV.   Ast'ARiDKs  (alone). 


Eosinopliilrs 

Polyniiclcars 

Lynn)li<M'yt<*H  aixl  tnm 
sitionaU 


('ilMf  I. 


(HM-  II. 


VHSf  III. 


('«e  IV. 


7.4  per  ct. 
55.0       " 

37.6       ** 


8.5  per  ct. 
55.0       " 


2«.5 


9.8  per  ct.      1.8  per  ct. 
50.0       " 

40.2       - 
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The  report  of  the  Jenner  Hospital  at  Benie  (1890)  includes  the 
account  of  a  case  in  whicli  ascaris  was  present  in  large  numbers. 
The  blood  showed  but  2,480,000  red  cells  before  the  expulsion 
of  the  parasite  by  santonin;  two  weeks  later' the  red  cells  were 
4,200,000. 

V.  T/KNiA  (BQcklers). 


Eosinophiles 

Polyniicleare 

L3"mph()cytc8     and 
transitionals 


Case  I. 

Tflpnia 
Solium. 


8.2  p.  ct. 
49.4     " 

42.4     ^ 


i'aae  II. 

Tenia 
SaiirlData. 


5.5  p.  Ct. 
65.0     ** 

29.5     " 


CttM*  III. 

Taenia 
Nana. 


7.0  p.  ct. 
42.0     " 

51.0     " 


Caa«  IV. 

Ttpnia 
Sairinata. 


5.0  p.  ct! 


Ca»eV. 

Taenia 
Sa^rinata. 


10.0  p.  ct. 


CHAPTER  Xm. 
DISEASES  OF  THE  SKIN. 

DERMATITIS  HERPETIFOR^IIS. 

According  to  Leredde,  who  has  written  extensively  on  the  con- 
dition of  the  blood  in  this  disease,  the  following  terms  are  in  use  to 
designate  the  same  actual  set  of  facts :  Dermatitis  herpetiformis ; 
Duhring's  dermatosis;  Polymoi^phous  j)riinginous  dermatitis^ 
Hydroa  (Unna);  Pemphigus  vegetans  (Neumann);  Hallopeau^s 
infectious  dermatosis;  Herpes  gestationis. 

In  all  of  this  he  iinds  marked  constant  eosinophilia,  averaging 
16  jxjr  cent.     At  times  the  percentages  may  reach  25  or  30. 

My  own  experience  includes  three  cases,  one  diagnosed  as  der- 
matitis herj)etiformis,  the  others  as  hydroa  aestivale.  The  counts 
were  as  follows : 


('HM'  I. 

Dt^niiatitbt  herpe- 
tifonntti. 


P<>lynucU*ar  lu-utrophilt'S. . 

Siiuill  lym|)lnH*yii*8 

I^rjft*  lynii>luK*ytes 

Eosiiiophili's 

Mv<'l<KVies 


47  jHT  Vi'Ut 


^•1 


H    ^ 
19    " 
1 


(  aM>  II. 
Hydroa  ii>llvale. 


40.0  |>c*r  (f  Dt 
42.4    "       - 
H.6      ^ 
S.  2 


Vuae  III. 
Hydroa  aevtivale. 


34  per  veut 
43    -     •• 

8    •*      •* 
15    -     - 


lirowii'    re])oi*ts   the  following  iigures  in  a  case  of  dermatitis 
herjH'tiforinis  (twenty-st'ven  years'  duration): 


Jum*  12ih, 
IMW. 

June  ITtli. 
liW. 

•    >«.... 

June  2.Mh. 

IHW. 

IVr  tvnt. 
29.25 
34.5 
36  25 

June:)iitlu 

8ept.  Mtu 

K»hI  ciUs                     

5.128  IKK.» 

1  5,1«8.WK) 
1         9,(>00j 

5,8<)8.0UO 

\Vliil«'  (f  lis 

14.(MK) 

IVr  <vni. 
32  s 

3^0 

29  2 

9.  TOO 

l*«»lyMiiclnir  lUMit 

LvinpJKMVh'S 

Eosillop|iilr*i 

IVr  <vn!. 
31.3 
24  4 
44.3<:) 

,    Per  ivol. 
'     :ttJ.25 

21.5 

39.25 

1                   ' 

IVr  ••*'nl. 
86.0 

H44 
29  3 

'  Sk-.  for  oriirinal  lUsi-arcli,  Cuiui..  (KIoIkt  12tli.  1899. 


PSORIASIS. 
Erythema. 
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1 

Age. 

Red  cells. 

White 
cells. 

Percent 
biemo- 
globlD. 

1 

29 

19,700 

•  • 

First  day.  Temperature  102**;  ery- 
thema nodosum  and  multiforme. 

20,400 

•   • 

Second  day.     Temperature  108**. 

12,900 

•   • 

Sixth  day.     Temperature  98^ 

2 

27 

18,400 

•   • 

Temperature  104^ 

6.800 

•    • 

Temperature  104"*,  third  day.  Eosino- 
philes  not  +. 

8 

18 

11,400 

65 

Nodosum. 

4 

17 

8,200 

•   • 

Temperature  102°. 

5 

24 

6, 150 

•  • 

Diflf.  425  cells.     Polynuclear,  69;  lym- 

• 

phocytes,  80;  eosinophiles,  1. 

HERPES  TONSURANS. 

Mark  A.  Brown'  records  this  blood  count:  White  cells,  10,700; 
of  these,  there  were  eosinophiles,  25.2  per  cent;  polynucleaxs,  45.6 
per  cent;  lymphocytes,  29.2  per  cent. 

c 

CHRONIC  ECZEMA. 

Thomas  R.  Brown'  reports  a  case  of  chronic  eczema,  studied 
at  the  Johns  Hopkins  Hospital,  in  which  three  counts  showed  22.6 
per  cent,  24  per  cent,  and  22. 7  per  cent,  of  eosinophiles. 

Zappert  (loc,  cit.)  notes  a  similar  case  with  8,600  leucocytes  per 
cubic  millimetre,  9.9  per  cent  of  which  were  eosinophiles  (843  abso- 
lute).   Bettmann  records  45  per  cent  eosinophiles  in  a  similar  case. 


SCLERODERMA. 

Two  cases  in  Zappert's  series  showed: 

Leucocytes. 

1    16.690 

2 9  000 


Percent 
euilDopblles. 

9.4  (1,580  ahsolute) 
7.7  (    694        **         ) 


PSORIASIS. 

One  of  Zappert's  cases  had  8,600  leucocytes,  with  9.8  per  cent 
of  eosinophiles  (850  absolute). 

>  In  Conn.  Lancet -Clinic,  December  22d,  1900. 
Uour.  of  Exp.  Med.,  voL  iiL,  p.  920. 
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PEMPHIGUS. 


Zappert's  three  cases  showed: 


Cases. 

Red  cells. 

White  fells. 

Per  cent  eo8lDopfall«^ 

1 

8.952,000 
8.940.000 
4,120.000 

5.300 

10.600 

1.640 

88.0  (1,750  absolute). 
14.1(1.500  absolute). 
29.2  (4.800  al>8olute). 

2 

8 

Two  cases  (Zappert). 


LUPUS. 


(Tases. 

Red  cells. 

White  cells. 

Per  cent  eosinoptilleB. 

1 

8.224,000 
4,250,000 

9.200 
9,450 

12.2  (1.126  absolute). 
7.8  (    696  absolute). 

H 

CHAPTER  XIV. 


THE  BLOOD  IN  INFANCY. 


I.  All  the  Sif/ns  Inj  whlrh  sickness  is  shoirti  in  the  blood  of  adults 
are  exaggerated  in  ehildren.  Their  blood  is  apparently  more  sensi- 
tive to  the  action  of  any  morbid  influence.  Causes  leading  to  but 
slight  anaemia  or  leucoeytosis  in  the  adult,  produce  grave  anaemia 
and  veiy  marked  leucoeytosis  in  children.  Into  the  reasons  for  this 
I  shall  not  attemj)t  to  enter.  The  increased  toxicity  of  their  serum 
compared  to  that  of  adults,  and  the  relatively  recent  establishment 
of  the  functions  for  producing  and  destroying  blood  have  been  sug- 
gested as  explanation. 

(.'omjiaratively  slight  hemorrhages,  gastro-intestinal  or  respira- 
tory disorders,  which  would  not  impoverish  an  adult's  blood  may 
produce  ccmsiderable  anaemia  in  a  young  child. 

II.  All  forms  of  anaemia  in  infancy  are  aj)t  to  be  associated  with 
enlarged  sjdeen. 

III.  I  have  already  alluded  to  the  polycythaemia  and  leucoeyto- 
sis of  the  new-born,  and  the  gradual  fading  out  of  these  relative 
abnormalities  as  the  child  grows  up.  In  judgments  as  to  the  pres- 
ence or  absence  of  leucoeytosis  in  infancy,  these  physiological  varia- 
tions are  too  often  lost  sight  of,  especially  as  the  proper  leucocyte 
count  for  any  given  infant  depends  not  simply  on  its  age  but  on  the 
backwardness  or  forwardnt»ss  of  its  development.  As  with  the  fon- 
tanelles,  the  growth  of  the  blood  toward  adult  conditions  may  be 
retarded  by  congenital  weakness  (infantile  atrophy,  marasmus)  or 
inherited  disease  (tuberculosis,  syphilis)  as  well  as  by  acquired 
sickness  (rickets,  cholera  infantum). 

Under  the  influence  of  any  of  these  drawbacks  a  sick  child's 
blood  may  be  no  further  develoj)ed  at  three  years  than  that  of  a 
healthy  child  of  eighteen  months. 

IV.  When  we  remember  that  in  early  infancy  the  leucocytes 
diifer  from  those  of  adults  not  only  in  number  but  in  that  the  lym- 
phocytes are  relatively  more  numerous  (^'  lymphocytosis  of  infancy  "), 
we  shall  understand  that  any  influenoe  like  xiekets  or  syphilis,  which 
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retards  development,  will  show  lymph oeytosis  together  with 
increased  leuooeyte  count.  Qualitatively  aa  well  aa  quautitati' 
the  blood  reverts  to  a  more  iufautile  eonditioii. 

V.  This  shows  itself  not  merely  in  the  leuiiocytes  but  in  the  i»d 
corpusdea.  During  the  first  days  after  birth  the  infant's  blood 
shows  greater  niriutlons  in  nixe  nmt  ulia/f  than  that  of  adulttt, 
if  the  type  were  not  yet  quite  fixed.  The  majority  of  authora 
find  a  few  nonnoblafltB  in  the  first  few  days  of  life.  These  an* 
invariably  pre.teut,  donbtlt-ss  beeause  in  tttime  ehildi'en  the  blood 
the  time  of  birth  ia  more  develo]>ed  than  iu  olliere. 

Under  pathological  conditions  the  red  cells  revert  tu  thin  earlier 
type,  and  defoi'med  or  nucleated  corpuscles  aiv  plentiful.  This  u 
more  markeil  than  in  anteniia  of  the  sainf  grade  occurrini;  iti  ad 
An  anffimia  that  showa  but  thirty  nucleated  erythrocytes  per  i 
millimetre  in  an  adult  might  show  ten  times  that  nmnlinr  in  u  c 

VI.  As  I  sai<l  before,  all  bloud  changes  are  exaggerated  ii 
fanoy.  This  includes  such  physiological  changes  as  the  iligv 
leuc^cytosis  or  that  following  e.ohl  bathing  as  well  as  patholoj 
leucocytoeis  and  anaemia,  and  changes  in  the  deii^ree  of  dilution 
concentration  nf  the  blood  seem  to  be  similarly  exaggerateil,  hs 
seen,  »•.</.,  in  the  physiological  variations  in  the  si<eeific  gra\itj' 
the  seniin  (Hwk  and  Schlesinger'). 

VII.  The  l,'fmo;,lMn,  though  relatively  high  at  birth  aiid 
the  first  few  weeks,  is  lower  than  that  of  adtdts  during  the  rest 
childhood.     The  high  percentages  of  the  earliest  weeks  are  not 
to  a  iH)Iycytluemiu,  hut  to  a  genuine  increase  of  haeuoglobin  in 
individual  cells  {Schiff '),  color  indexes  being  often  over  1. 

It  ia  indispensable,  therefore,  that  we  should  know  the  age  a 
degree  of  development  of  a  child  before  we  can  draw  accurate 
en<ws  from  its  blood.     In  many  of  the  cases  reported  in  lite 
we  are  unable  to  judge  whether  the  blood  condition  is  giatholo^i 
or  not,  liecautte  the  age  of  the  child  is  not  given.     For  exaitipli 
Limbeck  *  notes  a  case  of  ncnte  gastritis  reported  by  Fi.schl  *  as  ha«^ 
ing  an  unusually  high  )iereent^e  of  lymphocytes  (o9.4  ])er  o 
But  this  is  physiological  in  the  first  days  of  life,  and  may  have 
BO  in  this  case,  the  age  not  being  given. 

<  nw-k  and  H(-hl<«ingcr:  Ci-iilntlM.  T  kiin.  Mf<[..  1S81. 
'Srhiff:  Zdl.  f.  lldlk..  vol,  xi,.  IHW) 
»v.  Limbeck:  loe.  n(..  ,..  KTM 
'Piwiil    7aM.  f.  Hell  knurl.-.  \»Vi. 
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Observations  of  this  sort  should  always  represent  a  comparison 
between  the  conditions  present  before  and  dttn'rif/  the  sickness  in 
question. 

Bearing  these  general  considerations  in  mind,  we  shall  be  better 
able  to  find  our  way  among  the  complications  and  perplexities  of 
the  blood  conditions  in  infancy. 

THE  ANAEMIAS  OF  INFANCY. 

As  above  mentioned,  anaemic  infants  are  apt  to  have  enlarged 
spleens.  This  may  be  due  either  to  the  anaemia  or  to  some  diseasa 
accompanying  or  underlying  the  anaemia  {e.r/.,  rickets,  syphilis). 
It  seems  more  probable  that  the  hyi)ertrophy  is  not  directly  or  ex- 
clusively dependent  on  the  anaemia,  inasmuch  as  similar  blood 
changes  are  found  without  splenic  enlargement.  By  far  the  greater 
number  of  reported  cases  of  severe  infantile  anaemia  are  accompanied 
or  caused  by  such  diseases  as  rickets  and  hereditary  syphilis,  both 
of  which  may  cause  splenic  hyperplasia  even  when  no  anaemia  is 
present.  It  seems  probable  that  the  anaemia  and  the  enlargement 
of  the  spleen  are  alike  symptomatic  of  an  underlying  disorder. 

1.  Some  writers  (^.//.,  Luzet ')  divide  the  anaemias  of  infancy 
into  two  classes:  those  with  splenic  enlargement  and  those  without 
it.  Luzet  considers  that  the  former  class  is  severer  than  the  latter 
and  more  apt  to  show  large  numbers  of  nucleated  red  corpuscles 
than  those  with  normal-sized  spleens.  This  classification,  however, 
does  not  always  hold.  We  may  have  very  severe  anaemia  without 
splenic  enlargement  and  splenic  enlargement  with  slight  anaemia, 
and  the  presence  or  absence  of  numerous  nucleated  red  corpuscles 
is  governed  by  conditions  other  than  the  size  of  the  spleen. 

2.  Another  classification  of  children's  anaemias  was  proposed 

in  1892  by  Monti  and  BerggrUn  ("Die  chronische  Anamie  im  Kin- 

desalter,"  Leipzig,  1892).     They  divided  the  cases  into  the  iniM  and 

the  f/rare,  each  group  being  subdivided  into  those  with  leucocytosis 

and  those  without  it. 

f  \T-i  1  —    \  With  leucocytosis. 

^  ,  .      *  .   r  ~~     (  Without  leucocytosis. 

Secondary  amemia  of  in  fancy  =  <  /  ,,r..,   , 

'  cimx'i^  —  )  "  ^th  leucocytosis. 

I  ^  >>ithout  leucocytosis. 

They  rightly  discard  the  term  "sj)lenic  anaemia,"  corresponding 
as  it  does  to  no  single  set  of  blood  changes.     The  above  classifica- 

'  Luzet:  Diss..  Paris,  1891. 
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tioii  puts  pernieious  aiujeiuia,  leukaemia,  and  anaemia  inf antum  psen* 
doleukajmica  (v.  Jaksch)  in  a  different  category'. 

(</)  Mild  cases  of  secondary  anaemia  show  no  deformities  in  the 
shape  or  size  of  the  red  cells.  The  color  index  may  or  luay  not  be 
low.  Tlie  cases  with  leucocytosis  ai*e  much  more  iiuiuenms  than 
those  without  it  and  more  apt  to  have  a  low  color  index ;  in  other 
words,  the  loss  of  corpuscle  substance  is  greater  and  the  cases  are 
approaching  the  imaginaiy  Ixnindary  between  "mild  "and  **gra\v.'' 

(fi)  The  grave  cases  have  ])oikilocytosis,  and  of  course  a  greater 
redu(ttion  of  corpuscle  substance. 

"  Chlorotic  "  conditions,  and  most  but  not  all  those  with  enlarged 
spleen,  (!ome  under  this  heading ;  also  most  of  those  due  to  heredi- 
tary syj)hilis,  prolonged  diai*rh(ea,  and  rickets. 

In  1894  Monti  *  gave  the  following  classified  lists  of  the  com- 
monest antecedents  of  secondary  anaemia  in  infancy : 

V!!il?^f!!  *  *     T^ubercuiosis.        [  In  tin*  iiiotlier  during  pregnancy, 
uue  U). . .   I  ^i^ij^i^rirt.  vxc.         \ 


1.  Ih'morrlmgc.  - 


2.  Acquircil .  .  -I 


f  From  navel. 
I  After  circunu-ifiion. 
8cnrvy,   purpura,  haemophilia.  Werlhor* 

disease*,  mela'na. 
Inanition. 

Bad  liy^ien<»  (lack  of  light,  air.  et<*. ) 
Post  fl'brile. 

Nephritis,  diarrlxea.  wroiis  eiTusinns. 
2.  ( )ther causes. -'  Svphilis. 

Hiekets. 
Suppuration. 

Diseases  of  liver,  spleen.  lK>ne.  i»r  lymph 
glands. 

He  ])oints  out  that  cases  with  leucocytosis  are  usually  j^raver 
than  those  without  it  and  may  develo])  into  jH^niicious  an»pmia  :  also 
that  the  ])resence()f  leucocytosis  does  not  ])oint  to  malignant  disease, 
Kujipuratioi],  or  any  of  th»»  causes  which  u.sually  account  for  it  in 
adults. 

(Jravt*  cases  with  h'ucocytosis  in  infants  under  twelve  months 
are  a|>t  to  dev«do])  into  the  aiuemia  infantum  ])S*»udoleuk8emiea,  or 
int<>  tnu*  leukaMuia  or  ])eniicious  aiuemia. 

On  the  whole,  the  division  of  Monti  and  Herggrtin  seems  much 
U'tter  than  that  acccu'diiig  to  the  |)articular  causes,  f.f/.y  **  rachitic 
auiemia,"  *' syphilitic  aiiaMuia,''  etc.,  for  there  is  no  particular  set 

'  Wi.iMT  nicd.  Wneh.,  is<)4. 
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of  blood  changes  that  follows  rickets,  syphilis,  or  any  other  disease. 
In  connection  with  various  diseases  of  infancy,  and  particularly 
with  those  last  named,  we  may  have  anemia  of  any  grade  of  sever- 
ity, from  that  reducing  the  red  cells  to  4,000,000  down  to  cases  with 
only  500,000  red  cells  i)er  cubic  millimetre  or  even  less.  The  worse 
the  case  is  the  more  likely  is  it  to  l)e  a(^companied  by  leucocytosis 
and  the  more  numerous  will  l)e  the  inudeated  red  corpuscles,  always 
more  numerous  here  than  in  anaemia  of  adults. 

In  syphtUsi,  hereditary  or  accpiired,  the  red  cells  may  fall  below 
1,000,000  and  the  leucocytes  may  rise  as  high  as  58,000  (Loos). 
The  ha?moglobin  may  lx»  proporticmally  diminished,  or  may  be  even 
lower  than  the  percentage  of  red  cells,  so  that  a  "  chlorotic  "  condi- 
tion obtains. 

Such  cases  have  been  called  cfilorosls,  but  it  seems  better  to  con- 
line  this  term  to  ansemia  of  unknown  origin  and  favorable  course 
occurring  in  women  soon  after  pul)erty,  since  obviously  seccmdary 
cases  may  have  similar  blood. 

Btrkets  iu  a  case  observed  by  v.  Jaksch  caused  a  fall  of  the 
red  cells  to  750,000,  and  Luzet  counte<l  1,590,000  in  a  similar  case. 
The  haemoglobin  is  usually  low,  but  Hock  and  Schlesinger  found 
'60  i)er  cent  with  2,;K)0,000  red  cells,  a  color  index  of  1.2  +  . 

Leu(;ocytosis  may  occur  even  when  no  anaemia  is  present.  Hock 
and  Schlesinger  found  45,000  leucocytes  in  a  rachitic  child  of  six- 
teen months,  sound  in  other  respects  and  not  anaemic.  Acute  f/fis- 
trifis  causes  at  first  only  leucocytosis  (with  incivased  j)ercentage  of 
lymphocytes).  If  it  becomes  chronic  the  i^educticm  of  red  cells  is 
severe.  Hayem  found  only  685,000  red  cells  per  cubic  millimetre 
in  an  infant  of  two  months,  though  recovery  eventually  took  place. 

In  tuberculosis  of  the  lungs  and  peritoneum  in  a  chihl  of  seven, 
Monti  and  BerggrUn  counted  3,230,000  red  and  17,200  white  cells 
with  52  per  cent  of  haemoglobin. 

Qualitative  Changes, 

The  exaggeration  characteristic  of  all  blood  changes  in  infancy 
extends  to  the  presence  of  nucleated  red  corpuscles,  which  in  all 
forms  of  severe  anaemia  are  veiy  numerous.  What  has  been  de- 
scribed above  (page  91)  as  the  ty])ical  megaloblast,  a  large  pale- 
stained  nucleus  in  a  very  large  cell  (see  Plate  IV.),  is  relatively 
rare  in  infancy.  The  nuclei  arc  almost  always  deeply  stained  what- 
ever their  size,  and  apt  to  be  small.  Dividing  nuclei  are  very  com- 
29 
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mon,  both  by  karyolysis  and  karyokinesis.  These  changes  are  most 
often  found  in  the  anaemias  of  the  severest  type  and  those  which 
resemble  leukaemia  (see  below,  page  456),  but  may  oceur  in  any 
marked  secondary  anaemia.  Polychromatophilic  and  "  degenera- 
tive "  changes  are  very  common  in  severe  cases. 

The  increased  leucocyte  count,  so  frequently  found,  is  oft^n 
made  up  of  a  majority  of  lymphocytes.  This  change,  as  above  saiil, 
is  not  characteristic  of  rickets,  syphilis,  or  any  other  eanse  of  anae- 
mia, but  it  is  to  be  regarded  as  a  mark  of  the  arrest  of  development 
or  reversion  to  an  earlier  tyj)e  of  tissues  brought  al)Oiit  by  various 
diseases  in  early  infancy.  Sometimes  the  large  lymphocytes  and 
sometimes  the  small  are  in  excess. 

A  further  qualitative  change  already  alluded  to  (see  above,  page 
118)  is  the  occurren(»e  of  tinjelonftea.  We  have  seen  that  small  |M*r- 
centages  of  these  cells  ai*e  not  uiiccmimonly  seen  in  the  anaemias  of 
adults.  Now  this,  like  all  other  blood  changes,  is  exaggerated  in 
infancy.  Myelocytt^s  are  more  apt  to  appear  and  in  greater  numbers. 
Their  presence  is  not  characteristic  of  any  one  disease,  but  they  are 
commonest  in  the  severer  tyj)es  of  secondary  anaemia,  such  as  those 
following  syphilis  and  rickets.  Their  significance  is  about  the  same 
as  that  of  normoblasts.  At  times,  however,  they  are  so  numerous 
as  to  make  us  hesitate  somewhat  before  we  exclude  splenic-myelo- 
genous  leukieniia. 

This  brings  us  naturally  to  the  discussion  of  the  ilifftruffif  *»/ 
(iistinfjiiishimjtli*'  iliffmnit  hlnnd  i/lnfftsfn  in  itifnnnjy  which  naturally 
centres  in  the  (piestion  of  the  existence  and  nature  of  the  so-called 

-.\N.1':MrA   INFAXTIM    PSEUDOLEUK.EMICA." 

Von  Jaksch's'  (lescri])tion  of  this  disease  (which  he  was  the  first 
to  recognize)  includes  the  followinjij  elements: 

1.  (irave  anjeniia — f'-'j-y  82(),()0()  rrd  ct'lls  per  cubic  millimi'tn» 
in  one  <'as<'. 

2.  Kxtcnsive  hnicocytosis — /'.y.,  r)4,r»(U)  white  cells  |)er  cubic 
milliiiu'tre,  in  thr  same  ciuse.  * 

.*».  (Jreat  variations  in  the  form,  size,  and  staining  of  the  white 
cells. 

4.    Deformed,  degenerated,  and  nucleated  red  cells. 

Von  .Jakseh  admits  that  none  of  these  1)1(M)(1  changes  is  charac- 

•  Vi»u.JakMli:  Wicu.  kliu.  Wwh..  \^\l  Ni»s.  2*>.  23. 
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teristic  of  the  disease,  but  thinks  that  its  title  to  the  position  of  a 
distinct  and  separate  disease  rests  upon  rfhtirn/.  data,  the  more  im- 
portant of  which  are:  (1)  A  great  enlargement  of  the  sjdeen  with- 
out any  such  accompanymg  enlargement  of  the  /irt^r  as  is  usually 
found  in  leukaemia  (the  lymph  glands  are  sometimes  enlarged).  (2 J 
A  relatively  good  prognosis.  (3)  Post  moi-tem  we  find  no  positive 
evidence  of  leuksemia. 

This  description  was  given  by  v.  Jaksch  '  in  1889.  He  stated 
the  relation  of  white  to  red  corpuscles  as  1 :  12,  1 :  17,  and  1 :  20  in 
the  cases  seen  by  him.  Later  he  i-eported  three  cases  in  one  of 
which  the  white  cells  numbei-ed  114,1.50,  and  the  i-ed  1,380,000. 
The  differential  counts  are  not  cai*efully  given. 

Almost  at  the  same  time  Hayem'^  reported  a  similai*  case,  and 
noted  the  abundance  of  nucleated  red  corjjuscles  many  of  which 
were  undergoing  mitosis.  This  was  verified  by  Luzet*  in  May, 
1891  (Arrh.  f/en.  de  Med.)^  who  reported  two  cases.  His  descrijH 
tion  of  the  disease  differs  considerably  from  that  of  v.  Jaksch.  He 
finds  no  gi-eater  difference  l)etween  liver  and  spleen  than  often  exists 
in  true  leukaemia.  The  course  of  the  dis<*ase,  though  sometimes 
chronic,  usually  ends  in  death.  The  leucocytosis  in  Luzet's  cases 
was  less  marked  than  in  those  of  v.  Jaksch  and  not  greater  than 
that  occurring  in  many  amemias  of  (diildren.  He  dwells  particu-i 
larly  on  the  large  number  of  nucleated  red  i^ells,  and  W\^  frequennj 
ofmitosisy  and  considers  this  the  most  imimi-tant  diagnostic  point. 

Although  Luzet  continues  to  use  the  name  suggested  by  v. 
Jaksch,  he  descril)es  the  disease  so  differently  that  it  is  difficult  to 
see  why  the  same  title  should  l)e  given  to  it.  He  agrees  with  v. 
Jaksch  in  thinking  that  it  is  not  simi)ly  a  sevei*e  secondary  aniemia 
due  to  syphilis,  rickets,  tuberculosis,  or  infectious  disease. 

Somewhat  similar  cases  had  already  l)een  descril)ed  by  various 
Italian  writers  (^.</.,  Fede)  under  the  title  of  "  hifft^irf  Splenic 
Anannui  of  Infant s,^^ 

Among  others  who  have  written  on  the  subject  are  Bagiusky,* 
Senator,*  Fischl,"  Andeoud,'   Monti  and    Berggrtln,"  Felsenthal,* 

»  Von  Jaksch  :  Wien.  klin.  W(xh..  1889,  Nos.  22.  23. 
'Hiiycin:  Gaz.  dcs  Ilopitaux,  1889,  No.  30. 

*  Luzet:  Diss.,  Paris,  1891. 

*Baginsky:  Arch.  f.  Kiuderheilk.,  1892.  vol.  xiii. 

*  Senator:  Berlin,  klin.  Woch.,  1892.  *Fischl:  lor.  rit, 
'  Andeoud;  Rev.  me<l.  de  la  Suisse*  rem.,  1894.  p.  507. 

•Monti  and  Berggrftn:  loc.  cit.  •Felsenthal:  lor.  eii. 
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Raudnitz,*   Epstein,'  Alt  and    Weiss,*    Hock     and     Scrhlesinger,* 
Crocq,*  and  Rotch." 

The  majority  of  these  writers  report  very  little  as  to  the  iliifer- 
ential  irounts  of  white  corpuscles.  An  in<»reased  |>ercentage  of  the 
polyuiorj)honuclear  forms  is  mentioned  by  many,  hut  Rotc*h  in  a  vsLse 
with  1,311,250  red  cells  and  11(),500  white  cells  found  only  KJ  i>er 
cent  of  the  }>olymorphonuclear  variety  with  40  |)er  cent  of  small 
lymphocytes,  *M  i)er  cent  of  large  lymphocytes,  and  4  jier  ^-ent 
eosinophiles.  A  second  case  had  only  14  ])er  cent  of  i>olynior|)ho- 
nuclear  cells  and  84  i)er  <*ent  of  lymphocytes  (large  and  Hinall). 

Von  Jaksch  noted  the  lack  of  any  relative  increase  of  eosino- 
philes, supjKjsing  this  to  l)e  a  means  of  <listinguishing  his  cases  from 
tnui  leukaemia.  Luzet,  on  the  other  hand,  foun<l  eosinophiles  nu- 
mertms.      (This  of  course  lias  no  weight  for  or  against  leukaemia.) 

Klein  {/or.  r!t.)  noted  the  occurrence  of  myel(M»ytes  in  small 
numl>er. 

The  discrepancy  of  these  different  rej)orts  is  suggestive. 

The  chief  imjiortam'e  of  the  heterogeneous  grou])  of  cases  which 
have  rec«*ived  the  name  of  itnivtnln  infantum  pn*'Hfiolt^nkfr*ffi tea  seems 
to  mt*  to  be  as  a  proof  of  the  difficulty  of  distinguishing  the  various 
bl(M)d  diseases  in  infancy. 

Among  the  cases  reported  under  this  name  are  some  whirh 
miglit  1k»  any  one  of  tin*  foHowing  list:  IVrnicious  anaemia,  second- 
ary an;t*nna  with  h'ucocytosis,  Hodgkin's  disease,  lymphatic  leukie- 
mia,  ami  probably  splenic-myclogenons  Icukjeuiia. 

('/)  Mi>st  (»f  tlie  few  re])orted  cases  of  pernicious  auieniia  in 
infancy  have  shown  moderate  leucocytosis  (as  c(>m])ai'ed  with  adult 
blood),  a  fact  which  de]>rives  us  of  one  of  the  means  of  <listiiigiiish- 
ing  the  disease  from  secondary  aniemia.  The  reports  as  to  nucleated 
(•(►rpuseles  very  randy  se]>arate  nonnoblasts  from  megalobla.sts,  and 
we  have  no  way,  tlierefore,  (jf  iM'ing  sure  on  this  im]>ortant  |K>int. 
Tlie  liigh  <'ol(»r  index  an<l  large  diameter  of  the  red  cells  art*  iMM*a- 
sionally  seen  in  other  anaemias  of  infancy  and  are  not  always  present 
in  perni<'ious  cases.     Th<»  great  fatality  of  all  kinds  of   aiiaeuiia  in 

'lliiudiiitz:  Pnig.  iihmI.  W.kIi.,  is^.  p.  r,. 

•Kpstrin.  Pniir.  nuMl.  W«k1i..  ISlM.  p.  «. 

"Alt  juhI  \NVis»<:  Ontnilb.  f.  iiu«l.  WisM-nsclmft..  1S92. 

^  H(M-k  and  Schlesinger:  I^r.  n'f. 

'■  CnxMi:  "fitmle  sur  rA«leiii«/'  etc..  BriisM-ls.  1819  (I^martinX 

•H<»tch:  Pediatrics.  lH9r).  j».  :m. 
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infancy  previ?nts  our  calling  a  case  penn'rioits  l)ecause  of  a  fatal  ter- 
mination. Enlargements  of  the  liver  and  spleen  occur  in  many  cases 
of  each  tyi>e  of  infantile  anaemia,  and  occasionally  in  pernicious 
anaemia  of  adults.  They  do  not,  therefore,  exclude  j)ernicious  anae- 
mia in  infancy. 

Hearing  these  facts  in  mind,  it  is  evident  that  some  of  Luzet's 
cases  of  "  anaemia  infantum  pseudoleukaemica  "  may  have  been  per- 
nicious anaemia.  Von  .Faksch'sown  cases  may  have  lx»en  either  (tt) 
Hodgkin's  disease  with  leucocytosis,  (ft)  grave  secondary  anaemia 
with  leucocytosis  (Monti  and  Berggrtln),  or  (c)  leukiemia. 

(ft)  Hodgkin's  disease,  which  v.  Liml)eck  iinds  to  1m»  very  com- 
mon in  infancy,  may  affect  the  liver  and  sj)leen  and  not  the  exter- 
nal lymj)h  glands,  and  may  be  accompanied  by  anaemia  and  leuco- 
cytosis such  as  V.  Jaksch  <lescriljes.  Epstein  considers  that  this  is 
the  case,  and  denies  the  existence  of  any  such  disease  as  the  anaemia 
infantum  pseudoleukaemi<*a. 

(h)  As  any  aniemia  seccmdary  to  rickets  or  syphilis  may  have 
enlarged  spleen  and  liver  and  marked  leucocytosis,  we  cainiot  tell 
from  V.  Jaksch 's  description  that  we  are  not  dealing  in  his  cases 
with  secondary  anaemia. 

(r)  Since  v.  Jjiksch  does  not  give  any  accurate  differential  count 
of  the  leucocytes,  thert*  may  have  been  large  iniml)ers  of  myelocytes 
in  his  cases  for  all  we  know,  or  an  overwhelming  percentage  of 
lym])hocytt»s,  /.*'.,  either  tyi>e  of  leukjemia. 

()n(»  of  the  cases  re])ortt*d  by  Rotch  as  **anieniia  infantum 
pseudoleukiemica ''  had  80  ])er  cent  of  lyni])h(H*vtes  in  a  leucocyte 
count  of  116, /K>0,  the  ratio  of  white  to  red  cidls  Wing  1:11,  and  the 
nucleated  corpuscles  abundant.  Th(»  external  lymph  glands  as 
well  as  the  liver  and  sjdeen  weiv  enlarged.  How  siu*h  a  case  is  to 
be  distinguished  from  lymphatic  leukiemia  without  aut()])sy  I  cannot 
see.  Large  nunilMM's  of  mu'leated  corpuscles  with  mitoses  (j)resent 
in  this  case)  are  to  Ix*  found  in  any  anuemia  of  infancy  in  which  the 
red  cells,  as  in  this  case,  have  sunk  as  low  as  l,.*n  1,500,  and  there- 
fore do  not  exclude  leukaemia. 

Von  .Faksch  protests  that  his  cases  are  not  secondary  to  rickets 
or  any  other  disease,  but  Fischl  '  in  a  careful  study  of  all  the  jml)- 
lishcd  cases  finds  that,  out  of  a  total  of  eighteen  cases,  sixteen  had 
severe  rickets  and  two  hei-editary  syphilis. 

The  writings  of  Raudnitz,  Ebstein,  Felsenthal,  Fischl,  and  v. 

»  Fischl:  Zcit.  f.  Hcilkumic,  1892. 
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Limbeok,  which  deny  the  separate  exixtein'e  of  the  aiuemia  tn&if 
turn  pseudoleiiksemica,  aie  eonviiioiiig  to  nip,  ainl  are  n>inforc«d  by 
the  few  cases  of  bad  anaemia  in  children  which  T  have  seen.  Wf 
must  distribute  the  cases  of  uitemia  with  leucocytosis  and  large 
upleen  under  pemicions  anteuiia,  secimJary  untemia,  mid  Iniktcjuia. 
But  our  problem  is  not  yet  ueai'ly  solved.  All  we  have  };ttin«d 
is  the  belief  that  v.  Jaksch's  new  disease  does  not  help  us  to  oUuMtfy 
these  doubtful  cases.  The  difficulty  is  still  wry  great.  The  fol- 
lowing oases  reported  by  Dr.  Vickery  in  the  Mmltrul  .Vp*r«  far  IV- 
oember,  1897,  illustrate  this: 

Cahe  I. — A  male  child  of  sixteen  months  with  symptoms  of 
grave  HUteinia,  greatly  enlarged  spleen  and  slightly  enlargeil  lirer, 
showetl  the  following  figures:  Red  cells,  2,500,000;  white  <vlls, 
22,fK)0.  Differential  count  of  .'lOO  cells  showed :  Lynipb<>cytea,  53.8 
|M'r  cent  (40. li  of  the  smaller  typo) ;  jiolyniorphonuclear  c*llx,  29.4 
[K'rcptit;  I'omnophilea,  6.2  [ler  cent;  myelociytes,  10  jri'r  wnt. 

While  counting  these,  147  nucleated  red  (-orpuscles  were  seeu,  of 
whii'h  2t  were  normoblasts,  iiO  megaloblasts,  and  47  tnicrdhlasts; 
H  showed  mit-isis  in  their  nuclei. 

The  child  died  shortly  after  without  any  complication  or  tntf>r- 
current  disease.  No  autopsy.  No  evidence  of  rickets  or  8}-{iluli8 
or  other  previnns  disease. 

Cask  II.— Young  infant  with  enlarged  external  lyujih  glands 
and  very  large  spleen.  Jidy  14th,  1897— Red  cells,  4,:tOO,O00i 
white  cells,  .'{1,000;  hiemoglobin,  60  per  cent;  polyniorphonuclvar 
ncutniphilcs,  B7.5  per  cent;  small  Ijnnphocytes,  26  |ier  i<ent;  large 
lymphocytes,  15  per  cent;  eosinophiles,  O.o  per  cent;  rayeU)cyt•^!t, 
1  jier  cent. 

One  or  two  nucleated  red  corpuscles  in  eveiy  field.      Oat  of  100 
of  them  89  were  large  and  11  small.     Many  showed  mitosis, 
chronmtophilic  forms  numerous.     'Tuly  19th — Seventeen    me) 
blasts  seen  while  counting  1 ,000  white  cells.     Blood  is  oth- 
alHiut  the  same.     The  case  was  lost  sight  of  and  not  traced. 

Xow  I  see  no  reason  for  supposing  these  cases  ti]  represent  a  iww 
ty]>e  of  <lisease,  and  yet  I  cannot  feel  ]>erfectly  safe  iu  nlaasifying 
them  as  primary  ausemia,  secondary  ansemia,  or  leukemia. 

('<)  Primary  or  pernicious  aueemia  should  have  a  lower  cwuiit  of 
red  wUs.  Tlie  percentage  of  myelocytes  in  the  first  case  (10  per 
cent)  is  higher  than  in  any  other  case  of  pernicious  aiiteinia  ua 
record,  though  in  one  a<ln1t  case  with  autoi>By  I  fotutl  9.2  p«r  rent 
with  a  leiicocytosis  of  12,.'>00,  or  Ijl-W  myelocytes  per  eubio  uilli' 
roetrf,  against  2,200  |>er  cubic  millimetre  in  this  rase. 

(/>)  It  is  hard  to  call  an  auwmia  secondary  which  kills  with  do 


It  of  100 
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complications  aiul  when  thei*e  is  no  evidence  of  any  disease  to  which 
it  can  be  secondary. 

(r)  For  splenic  myelogenous  leukaemia  the  total  leucocyte  count 
and  the  percentage  of  myelo(?ytes  ai-e  very  small  in  either  case. 
Still  the  leucoc»yte  count  may  drop  very  low  in  leuksemia  even  with- 
out any  inflammatory  complication.  Such  a  case  is  reported  by 
Osier,  in  which  the  leucocytes  fell  to  7,r)00,  of  which  only  300,  or 
four  j)er  cent,  were  myelocytes. 

Hayem  (loe,  rtt.,  ]>age  8(54)  in  a  ten-months  old  child  counted 
2,712,500  red  and  3.S,000  white  cells,  almost  the  same  figures  €ls  in 
the  case  just  quoted.  [Hayem  unfortunately  gives  no  differential 
count,  but  apparently  considers  the  case  ieidcaemic  because  of  the 
enormous  number  of  nucleated  i*ed  cells,  many  with  mitoses  ] 

Morse's  case  of  leukaemia  in  infancy  had  2,900,000  red  and 
48,000  white  cells.  Twenty-one  and  four-tenths  \yeT  cent  of  the 
leucocytes,  or  about  10,000,  were  myelocytes.  The  same  abun- 
dance of  nucleated  red  cells  (some  with  mitoses)  wei-e  here  present 
as  in  Hayem' s  case,  so  that  there  is  evidently  nothing  ]>eculiar  in 
their  presence  in  the  disease  described  by  v.  Jaksch,  as  Luzet  sup- 
posed. 

These  cases  show  that  leukaemia  may  at  cei-tain  periods  present 
just  such  a  blood  picture  as  was  present  in  the  above-quoted  case, 
and  that  the  number  of  leucocytes  in  the  leukaemia  of  infants  may 
be  no  greater  than  that  in  any  anaemia  with  the  leu(»ocytosis  so  com- 
mon in  children. 

It  seems  to  me  the  most  natural  conclusion  to  l)e  deduced  from 
these  facts  is  that  we  meet  with  cases  in  infajicy  irhirh  are  appar- 
euthj  infermediate  hetWHen  Imkivmia  tind  pt^ntlrums  nmvniin,  I  have 
pointiHl  out  elsewhere  that  there  are  many  i)oints  of  resemblance 
iHJtween  the  two  tliseases.  The  case  of  leukaemia  re]>oi'ted  by  Osier 
showed  at  one  period — the  ])eriod  of  remission — a  fall  in  the  num- 
ber of  leucocytes  an<l  in  the  |)er(tentagt^  of  myelo<*ytes  till  the  blood 
was  ])ra('tically  that  of  i>eniicious  anaemia. 

Dr.  Kotch's  case  (above  quoted)  is  another  in  which  the  diagno- 
sis seems  to  lie  somewhere  intermediate  between  the  two  diseases, 
aiKemia  and  leukaemia. 

The  case  which  I  have  (pioted  above  seems  to  me  on  the  whole 
nearer  to  the  type  of  jjernicious  anaemia  than  of  leukaemia,  and  Dr. 
Kotch's  nearer  to  the  latter  than  to  the  former;  but  each  is  really 
intermediate*,  m  far  as  the  hi  nod  ffopAy  between  the  two  diseases.     I 
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have  110  intention  of  suggesting  that  the  organic  lesions  in  these 
cases  are  intermediate  between  leukiemia  and  pernicious  anaemia. 
It  is  simply  the  blood  that  is  so. 

EngePs  case,  reported  in  Vin^.how's  Arc/tir,  vol.  1.S5,  suggests 
the  same  thing.  He  calls  the  case  one  of  ^^pseudo-perfiieious  awr- 
7nif(."     Myelo<*ytes  wei-e  abundant. 

Polifin  nrph  ous   Condition . 

This  illustrates  that  "  polymorphous "  condition  of  the  blcMHl 
which  V.  fJaksch  supj)osed  to  l)e  characteristic  of  the  anaemia  infan* 
turn  i)seudoleuka?mica.  The  same  thing  was  very  marked  in  all  the 
bad  ca.ses  of  an«eniia  which  I  have  seen,  including  the  ease  al>o\'e 
mentioned,  and  a  case  of  true  leukaemia  in  a  girl  of  eight.  The  im- 
pi-ession  one  gets  from  the  field  of  a  stained  s|x?cimen  is  that  ftn  ftm 
xrhite  nn'^mtifffn  fft't^  (liikr.  Every  sj)ecies  is  sulxliWded  into  sev«»ral 
sub-varieties  and  all  stages  of  degeneraticm  are  to  l)e  seen  in  each 
variety.  Hut  this  is  characteristic  of  any  very  severe  infantile  ana^- 
mia  and  not  of  any  single  ty|x». 

LEIK.KMIA. 

In  Morse's  caivful  article  of  August,  1894  (Hosfon  JM/.  and 
St/nj.  JniirHtil),  twtMity  ciuses  of  ItMikieiiiia  iii  infancy  are  <'ollecteil. 
As  he  rightly  says,  ])rol)al>ly  most  of  thcst*  casfs  were  not  geiniiiie. 
Only  one  of  them  includes  a  differential  count,  aiid  this  is  in  a  \\\\\- 
])liatic  case.  Morse's  is  the  only  one  of  the  splenic-m^'eloijenous 
tvpe  on  i-ecord  in  which  the  diaj^nosis  is  made  reasonablv  certain  bv 
a  color  analysis.  Fischl  in  KS^l'  said  that  thtM*e  was  nn  east^  on 
reconl  with  a  differential  count. 

A  <*ase  was  seen  in  1iS*M)  by  l>r.  F.  ('.  Shattuck,  which  was  a]»- 
]»arently  a<Mite,  the  sy in ptonis  appearing  only  six  win^ks  lK-t«»rt* 
death.  ( 'over-i;lass  preparations  exanjined  by  \V.  S.  Thayer  showt^l 
a  ratio  i.f  about  1  wliite  to  'JO  red  cells.  The  differential  count ' 
showcil :  Small  ]ynij»luH-ytcs,  97.9  }H'r  cent;  large  lymph<K*ytfs,  .7 
jHMrent;   jMilynuclear  cells,  1.4  |H'rcent;  eosinojOiiles,  .08  jK*r  oMit. 

The  other  <*ase  reporte«l  by  M<»rse  has  U'cn  mentioned  abovt*. 

Charon  and  (iiratea*   have  recently  re|M»rted  a  case  in  a  eliibl  t»f 

'  I{«|M»rttM!  !>y  Thavt-r  in  tin*  Bostmi  Mt<ii<:il  ami  Surj.rical  Joiinml.   1S93, 
v<»l   i  .\  wiii..  p    \<\. 

•  Hull.  (i.  Sk-.  Hey.  d.  Sciences  Mc<l..  ct( ..  HruxclUs.  l!S97.  No.  7. 
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eight  with  880,000  red  r-ells,  ^100,000  white  cells,  and  (i9  per  cent 
of  haemoglobin.  It  was  apparently  of  the  myelocyte  tyi)e.  E. 
Mliller  thinks  that  thei*e  are  about  five  other  (German)  cases  on 
record,  all  of  acute  leukaemia  and  all  with  a  similar  blood  count, 
though  in  some  the  large  lymphocytes  (without  neutrophilic  gran- 
ules) have  been  describi*d  as  "myelocytes." 

MUller'  has  lately  repoi-ted  with  great  care  three  cases  of  leukaj- 
mia,  all  of  them  in  lK)ys  four  years  old — all  apparently  acuti*,  all 
of  the  gastro-intt»stinal  type — /./».,  the  glands  and  follicles  through- 
out the  whole  length  of  the  alimentary  tract  being  the  chief  seats  of 
infiltration,  though  the  liver  and  spleen  were  also  enlarged.  The 
counts  wei*e  as  follows: 


Case  I. 

i 

1       Case  II. 

1 

April 
30th. 

May  1st. 

MaySd. 

MaySd. 

Case  III. 

Red  cells 

White  eellB. 

1,.V18.000  1,6^,000 
1(K),500       QAMin 

1,802.000 
46,000 

•  •  •  • 

1.8S8,000 
6,800 
Death. 

8,890,000 
306,000 

1,308,000 
480,000 

Hflemoglobin 

40% 

•  •  •  • 

Polymorphonuc  1  e  a  r 

neutrophiles 

Small  lymphocytes^. . 
Larff-  lymphocytes . . 
Fosinouhilea 

2% 

da%  (S-IO  n  diameter). 

1 

Many. 
Few. 
Few. 
Many. 

1% 
lft3< 
Si% 

.7 
8. 

97.3 
.01 

Normoblasts.. 

Few. 
Few. 

■Two  Qormo- 
1  blasts  seen  in 

e  o  u  n  ti  D  f? 

1,135       I  e  u  • 

c«  Kbytes. 

Seven    seen  in 

Meflraloblasts 

couDtinfc  1,118 

t 

1 

leucocytes. 

Mahrbuch  fUr  Kiuderheilk.,  1890,  vol.  xliii. 
*  All  with  large  pale  nuclei. 


PART  YII. 

EXAMINATION  OF  THE  SEBX7M. 


CHAPTER  XV. 

THE    CLUMP   REACTION. 

Gknkral  Description. 

Although  this  phenomenon  is  to  be  obtained  in  various  infec- 
tions, natural  as  well  as  exi)eriniental,  and  with  various  body  fluids, 
I  shall  describe  as  a  typical  ease  of  it  the  reaction  which  may  take 
place  when  the  serum  of  a  ])atient  ill  with  typhoid  fever  is  added  in 
certain  projMjrtions  (r/VA^  ''</'*</)  to  a  young  bouillon  culture  of  well- 
ceilitied  and  virulent  typhoid  bacilli.  In  a  droj)  of  such  a  mix- 
ture, examined  Iwtween  slide  and  cover-j^lass*  with  a  magnification 
of  .'100  diamet(»rs  or  more,  we  notice,  at  once  or  within  thirty  min- 
utes, a  marked  slowinj^  of  the  j)r<)j^ressive  movements  of  the  l)a4*illi 
or  an  uneijual  distribution  of  them  in  the  different  parts  of  the 
j)reparation.  AMiichever  of  these  changes  occurs  first,  the  slowing 
of  locomotion  or  tht»  tendency  to  j^rouping,  the  otlicr  soon  follows, 
and  tht»n  lK)th  jirocesses  go  on  t^)gether,  as  admirably  deseril)cd  by 
Higgs  and  Park :" 

"Souic  of  the  bacilli  soon  cease  all  progressive  movement,  and 
it  will  1m»  seen  that  they  are  gathering  together  in  small  groups  of 
two  or  more,  the  individual  bacilli  btMUg  still  somewhat  separated 
from  each  other.  (iradually  they  close  up  the  spaces  bctwt^n 
them,  and  chnnps  are  foruicd.  According  to  the  comjdeteness  «»f 
the  reaction,  either  all  the  l)acilli  may  finally  IxM'ome  clum]K^<l  and 
immol)ilize<l  or  only  a  small   portion  of  them,  the   rest   remaining 

'  Han>rin^-<lr<>p  prepanitimis  an*  often  rccomnK'ntlctl,  !)ut  a  simple  sliiU* 
and  <n\<T  trlass  an*  as  ^<mkI  for  tin*  purpose's  of  tliis  reaction. 
•  AiinTi<'an  .I<»iiriijil  of  tIk-  Mrdiial  Scifiicrs.  March.  1^97. 
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freely  motile,  and  even  those  elunipeil  may  appear  to  be  struggling 
for  freedom.  With  blood  containiug  u  large  ainoiiiit  of  the  agglu- 
tinating substances  all  gradations  iji  the  intensity  of  the  reaction 
may  be  observeil,  from  those  shown  in  a  marked  and  immediate 
reaction  to  those  appealing  in  a  late  and  indefinite  one,  by  simply 


P 


^' 


varying  the  proportion  of  blood  added  to  the  cultui*  fluid  "  (see 
Pigs.  49,  50,  and  51). 

The  process  may  go  on  gradually  and  be  much  more  distinct  at 
the  end  of  half  an  hour. 

The  grou]i8  or  cliunps  above  described  constitute  the  important 
part  of  the  reaction  for  diagnostie  purposes.  Of  the  loss  of  motil- 
ity mote  will  be  said  later. 
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TECHNigrK  OF  THE  Clump  Reaction-  in  Typhoid  Fevi 

Our  account  of  the  methods  of  obtaining  the  eluinp  reaction  may 
be  divided  into  the  following  parts : 

1.  The  body  fluids  to  be  used  and  the  methods  of  obtaining 
them. 

*J.  The  culturi\s. 

«S.  Dilution  and  the  time  limit. 

1.  The  Body  Fluids  to  be  Used. 

Experiments  have  proved  that  the  reaction  can  be  obtained  with 
the  following  Huids: 

{(f)  The  whole  blood,  fluid  or  dried. 

{fn  The  j)lasma  and  serum,  fluid  or  dried. 

(r)  Also  blister  fluid,  the  fluid  contents  of  normal  serous  ca ci- 
ties, breast  milk,  pus,  tears,  and  other  body  fluids. 

<  >f  all  these  fluids,  the  bl(K)d,  or  the  serum,  fresh  or  dried  blis- 
ters are  the  only  ones  used  in  clinical  work. 

1.     Cs*'  nf  th*'    Whoh'    Wood— F/ It  id. 

TV//'  ndvantiifft'H  of  this  method  an*  (//)  its  quickness,  and  (//)  the 
small  amount  of  blood  (tntc  dmjt)  sutticient  for  the  test. 

1  have  usrd  this  method  in  most  of  mv  (•iist\s  and  always  found 
it  satisliU'torv  !in<l  convenient. 

l*riH',durr.  -Suck  Up  souie  water  with  a  medicine-dropjx^r  and 
expel  ten  drops  of  it  into  a  wat<'h-f,d<iss.  Then  emj)ty  and  dry  tht- 
dr<»pj)er,  draw  up  from  the  wat<*h-j^lass  the  ten  drojis  just  ex|Hdbtl, 
and  mark  with  a  tile  <»n  tin*  side  of  the  drop|M*r  the  point  up  Xk\ 
which  the  t<'n-drop  colunni  extends.  Mark  also  the  iH)int  to  which 
one  <ln>|)  (ex|»elhMl  and  then  sucked  uj)  at^'ain  as  lK»fore)  will  ris**. 

Ten  (lrnj»s  of  the  bouillon  culture  of  the  bacilli  to  1h»  ns«»d  are 
then  cxpellctl  into  ea<'h  of  sev<»ral  small  test-tuU's,  and  oni»  of  tli»*se 
tuU'S  in  earried  to  \\\v  In-dside.  After  j»rickinj^  the  ear  as  if  f«»r 
blood  examination'  ( set»  page  7  i,  put  tin*  end  of  the  medicine-iirnji- 
|K»r  into  the  l»lood  drop,  an<l  carefully  draw  back  the  rubU^r  bulb 
(which  has  Ummi  j»reviou>ly  j»ushe<l  down  over  tin*  glass  part  of  tb»* 
dropper)  until  the  blotnl  rises  to  the  mark  lor  one  di-op.  \Vi|»e 
from  the  outsitle  of  the  <lro|)|M»r  any  blood  that  may  adhere  tbeiv 

•  S«nuf/iiij^  ami  inilkiiit:  tlit*  rar  an' nf  in»  harm  in  tills  pPKHnl are  uud  en- 
able us  to  get  ou  with  a  tritlin;:  and  paiiiic*is  puncturu. 
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and  then  expel  the  drop  into  one  of  the  little  test-tubes  containing 
the  ten  drops  of  bouillon  culture.  In  this  way  blood  can  be  taken 
for  examination  from  a  dozen  patients  in  as  many  minutes. 

2.    Whole  JUoml— Dried, 

The  advantages  of  the  method  ai*e  {a)  the  ease  and  quickness 
with  which  the  blood  can  be  obtained,  (h)  the  convenience  for  trans- 
poi-tation  by  mail,  and  (r)  that  it  does  not  deteriorate  or  become 
contaminated  by  ba(;terial  growth,  as  specimens  of  fluid  blood  or 
serum  are  so  apt  to  do.  Its  clumping  power  is  fully  equal  to  that 
of  the  senim  in  most  coites.^ 

Frorfdure. — The  blood  should  be  dried  either  upon  a  glass  slide 
or  on  a  piece  of  glazed  ])aj)er  or  cai-d.  Any  absorbent  substance  is 
less  available.  Glass  is  easier  to  sterilize  than  paper.  Several 
large  drops  should  be  placed  in  different  parts  of  the  glass  or  paper 
and  thovoufjhhj  dried. 

If  paj)er  has  been  used,  we  cut  out  the  dried  blood  drop  with  a 
pair  of  scissors,  keeping  close  to  the  blood  all  round,  and  drop  it 
into  a  test-tube  containing  one  or  two  drops  of  water,  in  which  with 
some  sharp-]>ointed  instrument  we  mix  the  dried  blood,  fi-eeing  it 
as  well  as  possible  from  the  paper. 

To  the  liquid  so  obtained  add  eight  or  nine  drops  of  the  bouillon 
culture  of  bacilli  and  proceed  in  the  ordinai-y  way.  Or  we  may 
droj)  the  fragment  of  paper  holding  the  blood  directly  into  ten 
droj)S  of  bouillon  culture— using  the  bouillon  itself  to  soak  off  the 
blood  from  the  paper.' 

The  Fluid  Serum, 

The  ear  is  pricked  in  the  ordinary  way  and  about  twenty  drops 
are  forced  out  by  strong  squeezing.  The  blood  is  received  in  a 
small  (preferably  two-inch)  test-tube. 

The  blood  when  collected  may  be  at  once  centrifugalized,  and 
the  plasma  used  for  the  test,  or  we  may  wait  till  clotting  occurs. 

*  Widttl  and  Dclepine  think  the  fluid  sorum  is  slightly  more  |K)werful  than 
thr>  <lri('(l  bl(MHl.  Johnson  admits  that  in  onc-tonth  of  the  cases  the  scrum  is- 
tin'  more  powerful.  I  have  obtained  reactions  with  the  dried  blood  in  only 
S(!ven-eigliths  of  the  cases  in  which  I  got  them  with  the  fluid  serum. 

'  Some  obwrvers  gather  the  blood  on  a  bit  of  tinfoil  and  later  crack  it  off, 
and  after  weighing  it  can  make  exact  dilutions.     Or  we  may  soak  blood  into- 
bits  of  filter  paper  of  standard  size  and  porosity  and  thus  acquire  a  known- 
amount  as  a  basis  for  exact  dilutions. 
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and  use  the  serum.  Wheu  blood  is  collected  in  test-tubes,  it  is 
convenient  to  free  the  edges  of  the  clot  from  the  tube  all  round 
with  some  sharp  instrument,  so  that  the  serum  may  not-  be  pinned 
down  underneath  the  clot,  as  it  often  is.  If  this  is  done,  a  drop  of 
serum  can  be  had  within  two  or  three  minutes,  and  is  then  inixeil 
with  ten  drops  of  lx)uillon  culture,  as  above  described,  and  examined 
at  once  between  slide  and  cover-glass. 

(Dried  serum  can  be  used  in  the  same  way  as  dried  blood,  but 
has  no  special  advantages  and  has  not  been  frequently  employed  by 
any  observer.) 

2.  The  Cultures  of  Typhoid  Bacilli  to  be  Usei>. 

1.  The  stock  cultures  grow  best  on  agar  at  room  temperature. 

2.  Ordinary  peptone  bouillon,  free  from  sediment,  is  the  best 
medium  for  the  test  cultui'e.  It  should  be  just  on  the  verge  of  lit- 
mus acridity,  giving  no  blue  to  the  red  paj>er  and  recpiiring  3.5  per 
cent  of  normal  alkali  to  render  it  neutral  to  phenolphthalein. 

3.  The  (uiltures  should  be  younrj — that  is,  the  transplantation 
to  iKHiillon  should  have  taken  j)lace  not  more  than  from  twelve  to 
twenty-four  hours  l)efore  the  culture  is  used. 

4.  The  virulence  and  motility  of  the  culture  are  very  important. 
Most  observers  agree  that  the  more  virulent  the  culture  the  more 
readily  and  charact^^ristically  it  is  clumped  by  typhoid  serum. 
Bi^gs  and  Park  noticed  that  one  culture  of  peculiarly  gi-eat  viru- 
lence reccntlv  received  from  Pfeiffer  of  Berlin  worked  much  better 
in  their  cases  than  any  other  of  the  cultui*es  used. 

Cultures  fresh  from  an  autopsy  usually  show ////•/////.•*  motility, 
the  l>acilli  darting  alnmt  like  a  swarm  of  insects,  but  after  rei>eatetl 
transplantations  and  long  sojourn  in  the  thermostat  a  good  deal  of 
this  motility  is  gradually  lost.  Ctiltiins  krpt  at  rootn  t*'inpt*rtiture 
jti'tscrr*'  t/irlr  tnntilitif  fnr  nnirji  /ftnt/rr  jtm'nf/s. 

For  those  who  have  no  opportunity  to  test  the  virulence  of  or- 
ganisms on  animals,  the  motility  is  the  i)est  guide  to  virulence,  and 
the  rule  s1h)u1(1  Ih*  :  Aimnni  tin'  arnUtihlr  rn/turt'S  sr/rrt  thnt  hnritiq 
tilt'  tnnst  nij/ul  mtttl/lti/. 

4.  Certain  cultures  contain  small  clumps  of  biuulli //^y^/v  arn/ 
srntm  Ints  hrt n  nthhd  tn  thim.  This  is  a  very  ini]>ortant  point  and 
has  <loul»tless  misled  many.  In  conseipience  of  this  jM>ssil»ilitv 
every  culture  must  K*  examined  mrh  time  that  a  test  is  made. 

5.  It  is  hardlv  n**cessarv  to  savthat  the  cultures  used  mu.st  have 
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been  submitted  to  all  the  regular  tests  for  the  recognition  of  the 
typhoid  bacillus,  and  that  the  greatest  care  must  be  used  to  avoid 
their  contamination. 

The   Use  of  Susjtetisums,  or  Emulsions  of  the  Bacilli  instead  of 

Ciilturfs, 

A  few  observers — particularly  Durham  and  Grtlber — have  pre- 
ferred to  use  a  mixture  of  small  bits  of  solid  agar  culture  and  bouil- 
lon instead  of  bouillon  cultui-es.  The  majority  of  writers  prefer 
cultures. 

The   Use  of  Attenuated  Cultures. 

Johnson  finds  that  with  his  methods  of  technique  (dried  blood 
and  no  definite  dilution)  pseudo-reactions  were  not  uncommon  with 
the  blood  of  healthy  i)eople. 

He  avoids  this  by  using  attt»nuated  cultures  — i.f.,  old  stock  agar 
cultures  kept  at  room  temi)erature  and  not  transplanted  more  than 
once  a  month,  from  which  he  j)laiited  his  bouillon  cultures.  This 
gives  a  bacillus  of  reduced  viruleuw  and  slow,  gliding  motion, 
which  is  clumped  far  less  readily  than  the  virulent  varieties. 
Bouillon  cultures  of  this  kind  from  twelve  to  twenty-four  hours  old 
he  found  to  I'eact  in  fifteen  minutes  with  all  typhoid  sera  and  not 
with  other  sera  even  after  forty-eight  hours*  waiting. 

3.  Dilution  and  the  Time  Limit. 

/.   Dilution. 

I  have  mentioned  without  exjilanation  in  various  parts  of  this 
chaj)ter  that  the  blood  serum  or  (»ther  fluids  used  must  be  diluted 
with  at  least  ti»n  times  their  volume  of  bouillon  culture  befort*  any 
observation  is  made  as  to  their  action  on  the  bacilli  of  typhoid  fever. 

The  reasons  for  this  dilution  and  for  the  proi)ortions  1:10  are 
the  following: 

It  has  l)een  found,  as  mentioned  above,  that  the  mere  formation 
of  clumps  in  bouillon  cultures  of  Eberth's  bacilli  is  not  a  jK)wer  ex- 
clusively possessed  by  tyi)hoid  serum.  The  serum  of  jiersons  suffer- 
ing from  other  diseases  and  even  of  healthy  persons  will  form 
clumps  exactly  like  those  formed  by  tyj)hoid  bacilli,  provided  it  is 
not  diluted.  The  only  known  j>eculiarity  of  the  typhoid  serum  is 
that  its  clumping  power  is  greater  than  that  of  other  diseases,  and 
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])er8ist8  ill  spite  of  dilution,  while  the  sera  of  diseases  other  than 
typhoid  lose  their  jiower  to  clump  typhoid  bacilli  when  diluted  ten 
times  or  more. 

II.    Time  Limit, 

Hut  eveu  this  statement  must  be  further  limited.  The  sera  of 
various  other  diseases,  and  of  healthy  persons,  will  souietijiies 
clump  typhoid  bacilli  wen  in  a  1:10  dilution^  prorideil  irp  *jirf  fhrm 
time  enninjh.  We  must  therefore  limit  the  period  within  which  a 
scrum  must  "  come  up  to  the  scratch  "  and  do  its  work,  if  it  is  to  be 
considered  a  tyi)hoid  serum. 

Following  GrUl)er  and  Durham,  a  time  limit  of  onr-Jtalj'  /tour 
has  lM»en  adopted  by  Gninbaum,  Bl(H*k,  Haedke,  Park,  and   others. 

All  that  these  more  or  less  arbitrary  figures  stand  for  i«  this: 
that  hitherto  no  one  has  reported  an  if  considerable  numl^er  of  case's  in 
n'hirh  the  serum  of  an  if  disease  or  of  healthy  persons  Ikos  r/f/Mjtfd 
tjfjfhoid  hariHi  frith  in  onfhalf  hour  j  when  diluted  1:10  ami  used 
trith  u n  inif/t'arh aide  tfrh  n  itj ue. 

Th  e  Mieroscop  iea  I  Ex  a  m  in  a  t  ion . 

An  artificial  light  is  preferable.  The  use  of  hanging-drop  prep- 
arations is  unnecessary,  as  a  simple  slide  with  cover-glass  is  satisfar*- 
torv.  A  lianginf(-(lrop  cell  may  1h»  extemporized  by  ceiiieiitinj^  with 
marine  glue  a  small  bra.^s  curtain  ring  to  a  slide,  and  invei-ting  the 
cover-glass  within  it,  as  advised  by  St<>kes. 

1  have  collecttnl  over  .*»,()iK)  causes  of  supposed  tyjihoid  fever  in 
wliieh  the  clump  rciU'tion  was  tested  as  above  descriUMl  citlier  with 
the  riiiid  or  dried  blood.  Of  these,  \)i}  per  cent  showed  a  serum 
reaet ion  at  some  time  in  their  course;  l\r>00  odd  contnds  showetl 
about  -  per  cent  of  j>ositive  ivsults  in  cases  other  than  typlioid. 
Allogi'ther  then  about  r>,r)(K)  cases  have  been  t«'sted.  If  we  leave 
out  the  reports  of  those  whose  experience  covers  less  than  100 
cases,  we  have  left  4,.'>:>9  cas«\s  observed  by  18  jihysieians  in  wliich 
the  percentage  of  err(>r  is  *J  j»er  cent  only. 

I/ntf  fiirhf  dnt's  tht'  rrnrtion  nitju-ar? 

Fi'W  of  the  inauy  ob>»Mvers  wlu*  have  writt4*n  on  this  j>oint  have 
<liscussed  how  the  U^ginning  oi  the  disease  is  settled  and  what  they 
mean,  *.//.,  bv  the  "fifth  dav  of  the  disease."  It  might  lie  dat4'd 
from  the  first  day  of  malaise  and  indisposition,  from  the  nose-bleed 
or  the  U'ginning  ot  Ih'adaelie,  or  Ironi  the  tinic  of  going  to  bed. 
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Allowing  for  such  serious  uncertainties  as  this,  we  find  that 
while  the  majority  of  observers  record  the  sixth  to  eighth  day  as  the 
earliest  on  which  the  i*eaction  appears,  there  are  quite  a  number  of 
cases  mentioned  in  which  it  was  seen  on  the  fourth  or  fifth  day;  a 
few  record  reactions  pi*esent  on  the  third  day,  and  two  or  three  on 
the  second  day. 

How  late  in  the  dUease  doe^  tlie  reaction  last?  The  majority  of 
observations  agree  that  in  mild  cases  the  reaction  may  die  out  even 
before  the  end  of  the  fever.  On  the  other  hand,  the  reaction  usually 
lasts  several  months,  and  Widal  found  it  still  present  after  one  year 
in  3  out  of  22  cases  in  which  he  tried  it.  These  3  subjects  had  had 
very  severe  cases  of  typhoid  three,  seven,  and  nine  years  previously. 
It  has  been  reported  present  twenty  and  even  thirty  years  after  the 
fever. 

The  reaction  almost  always  persists  in  relapses,  even  to  a  second 
or  third  i'elaj)se,  and  occasionally  it  is  present  onft/  in  relapse  and 
not  in  the  oriyinal  attack  at  alL  Higgs  and  Park  record  a  case  in 
which  the  diagnosis  was  proved  during  the  oiiginal  attack  by  punc- 
ture of  the  spleen,  which  showed  a  pure  culture  of  El)erth's  bacilli, 
yet  no  serum  reaction  was  present  until  the  second  day  of  the  re- 
lapse. I  have  observed  several  similar  cases,  and  quite  frequently 
not  found  the  rea(*tion  until  convalescence.  The  failure  to  follow 
up  such  cases  as  these  accounts  for  many  negative  reports. 

The  Intensitif  of  the  lieaction, 

Widal  and  Sicard  record  clumping  with  a  dilution  of  1: 12,000 
and  1 : 1,800  and  consider  that  in  the  active  stages  of  the  disease  a 
dilution  of  1 :  <>0  or  1 :  80  does  not  usually  present  the  reaction, 
while  in  convalescence  the  power  of  the  serum  falls  off  gradually 
and  is  not  always  present  even  at  1 :  10. 

Higgs  and  Park  find  one-half  their  typhoid  cases  furnish  serum 
with  the  j)ower  to  clump  in  1 :  40  dilution  by  the  end  of  the  first 
week,  and  have  occasionally  noted  the  reaction  even  with  a  dilution 
of  1 :  200. 

Control  Cases, 

Out  of  over  thi-ee  thousand  cases  of  various  diseases  not  typhoid, 

not  over  a  dozen  have  been  proved  to  clump  typhoid  bacilli  with 

proper  technique.     It  is  (juite  j)Ossible  that  further  improvements 

in  technique  may  enable  us  to  prevent  even  this  very  small  error. 
30 
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Summary  of  Clinical  Evidence  on  the  Sero- Diagnosis  of 

Typhoid  Fever. 

The  blood  of  over  ninety-five  per  cent  of  all  eases  of  typhoid 
shows  a  clumping  power  in  some  part  of  their  course,  but  in  at 
least  half  the  cases  this  does  not  appear  until  the  second  week  of 
the  disease,  while  in  a  small  number  of  cases  it  first  ap{>ears  in 
relapse  or  convalescence.  The  clumping  power  may  disap|»ear 
l)efore  the  defervescence  and  may  be  present  only  eight  days  in  all ; 
as  a  rule  it  persists  from  the  sixth  or  eighth  day  until  convalescence 
is  established. 

In  diseases  other  than  typhoid  a  clump  reaction  is  verj'  rarely  to 
be  obtained,  j)rovided  a  dilution  of  at  least  1 :  10  is  used  with  a  time 
limit  of  one-half  hour.  There  is  no  one  disease  in  which  clumping 
is  especially  aj)t  to  occur. 

('linically  the  reat^tion  is  of  considerable  value,  esi)ecially  when 
the  diagnosis  is  in  doubt  after  the  first  week  of  the  disease. 

Skro-Diao.nosis  of  Diseases  Other  than  Typhoio. 

1.    Choi  em. 

GrUl)er  and  Durham  first  showed  that  human  cholera  serum 
wouhl  chinip  diolera  vibrios,  following  tlie  researches  of  l^feifTcr  in 
vim  l»y  (lenionstrating  a  siinilar  reaction  ///  vitrtt. 

A  chard  and  Hcnsaude  have  aj>plicd  this  to  the  actual  dia^msis 
of  (cholera  in  man  with  considerable  success.  In  fourt4*iMi  cases, 
thirteen  clumped  ivadily;  two  of  these  were  on  the  first  day  of  the 
disease.  Tliirty  control  cases  were  negative.  The  presence  of  the 
|Hdlich»  renders  it  unsaft*  to  use  bouillon  cultures  except  sucdi  ;i> 
have  no  pi'llicle,  for  bits  of  it  an*  nnu'h  like  true  clumps.  Sus|H»n- 
sioiis  of  twenty-hour  gflatiii  cultures  are  more  convenient.  Tli*' 
dilution  and  time  limit  an'  tin*  sauje  as  iu  typhoid.  Souie  cast'>  will 
react  even  in  1  :  1-0  dilution.  The  reaction  can  l)e  |M*rfoinnMl  with 
dried  blood  ami  persists  into  convalescence  (seven  months  tn-  nun-e). 

L\     M"lt'f     Frrrr. 

Wright  an<l  Smith  tested  tin*  serum  of  1.")  cases  of  Malta  fovi*r 
with  tlu'  mirrnrmrns  ttn/lft  nsis  of  l>ruee,  and  fouud  a  strong  clump 
nsictiou  to  jMTur  (  1  :  ."VO  iu  most  casrs).  On  the  tyjihoid  bacillus 
the  s«»rum  of  these  cases  ha<l  no  action.      Sixteen  cases  of  typ'*-'  1 
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showed  no  reaction  with  Bnice's  organism.  The  evidence  in  favor 
of  this  organism  as  the  cause  of  Malta  fever  is  strengthened  by 
these  facts.  Wright's  observations  have  been  contirmed  by  Neus- 
ser  and  others  in  this  country. 

Curry  in  a  very  recent  number  of  the  Boston  Mediral  and  Sur- 
g^ical  Journal  reports  eighteen  cases  with  clumping. 

«1    The  Bubonic  Flatjue. 

Zabolotny'  studied  forty  cases  at  Bombay  in  April,  1897,  and 
found  the  reaction  absent  in  the  first  week,  present  in  1 :  10  dilution 
in  the  second  week,  and  in  1 :  50  dilution  in  the  third  or  fourth 
week.  He  noted  that  the  action  of  the  infected  serum  seemed  to 
deprive  the  bacilli  of  their  capsules.  In  an  editorial  in  the  Arch, 
Bussca  de  Pathol  ogle  j  May  .Slst,  1897,  it  is  stated  that  the  reaction 
increases  in  intensity  until  the  fourth  week  of  the  disease  and  then 
declines ;  also  that  it  is  most  marked  in  the  severest  cases.  Fein- 
del  (loc,  eit, )  states  that  in  the  acute  pneumonic  erases  the  reaction 
is  absent. 

iDeut.  med.  Woch.»  1897,  p.  392. 


II] 


APPENDIX  A. 


Neusser's  Perinucleak  Basophilic  Granules. 

Using  the  following  inodiiicatioii  of  Ehrlich's  tricolor  mixtuie, 
Neusser'  believes  that  he  caii  bring  out  certain  characteristics  in  the 
leucocytes  of  value  in  diagnosis  and  prognosis. 

I  Acid  fuchsin 50  c.c. 

Saturated  aqueous  solution  of  •]  Orange  G 70    *' 

(Methylgreen 80    ** 

Distilled  water 150    ** 

Absolute  alcohol 80    ** 

Glycerin 20    " 

Cover  slips  stained  with  this  mixture  show  in  certain  diseases 
(e.y.,  gout,  leukaemia)  a  grouping  of  dark  blue-stained  graimles 
around  the  nuclei  of  the  mononuclear  leucocytes  and  over  and  around 
the  nuclei  of  polymorphonuclear  leucocytes.  These  graimles  ap- 
pear to  take  up  only  the  basic  part  of  the  tricolor  mixture. 

For  Neusser's  conclusions  regarding  the  meaning  of  these  gi'an- 
ules,  the  reader  is  referred  to  pages  274  and  3/51.  The  researches 
of  Fut<;her  have  in  my  opinion  utterly  disproved  Neussi»r's  claims. 
The  granules  are  of  no  known  clinical  significance  and  certainly 
have  no  direct  relation  to  gout  or  any  other  alloxuric  diathesis.  1 
have  a  triple  stain  {not  made  up  for  the  purpose)  which  brings  out 
Neusser's  granules  in  eren/  blood,  normal  or  abnormal. 

>  Wien.  kiln.  Wocli.,  18K  No.  89. 
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APPENDIX  C. 

Table  Showino   Gradual   Increabe  in  Size  ok  Red   Cellb  durimo 

Convalescence  of  Culorobis. 

Case  I. 


Per 

/1.#^l:<-k.M 

1 

Rrd  cells— Diamkter. 

Date. 

Red  cells. 

cent. 
Hgb. 

Color 
Index. 

5.6  m. 

7.0  m. 

8.9  m. 

9.8  m. 

Aver- 
age. 

Tberapeu- 
tks. 

p.  ct. 

p.  rt. 

p.  ct. 

p.  CL 

p.  ct 

May  16tli 
17th 

4,950,000 
5.247,000 

•   •   •   • 

41 

•   •   •    • 

0.46 

•     •     «     • 

5.0 

•   •   •    • 

64.0 

•   •   •   • 

81.0 

•    •    •    • 

1.0 

•   •   •   • 

7.46 

I  Ovarian 

i            Mik   Ma  A  »M      m,    A 

June   8th 

5,717.000 

44 

0.46 

1.5 

59.5 

87.0 

2.0 

5.55 

I  extract. 

15th 

5.740.000 

57 

0.59 

1.0 

52.5 

41.5 

5.0 

7.71 

23(1 

6,882.000 

61 

0.57 

4.0 

48.5 

42.5 

5.0 

7.68 

80th 

6,080.000 

61 

0.60 

2.5 

41.0 

49.0 

7.5 

7.85 

Blaud*8 

July    7th 

6,875.000 

65 

0.60 

8.5 

88.5 

52.5 

5.5 

7.84 

^    pill. 

17th 

5.780,000 

70 

0.72 

8.5 

41.0 

58.0 

2.5 

7.76 

26th 

5.687,000 

72 

0.75 

1.5 

44.0 

52.5 

2.0 

7.77 

Aug.  10th 

5.792.000 

72 

0.78 

•  •  •   • 

•  •  •  • 

*  •  •  • 

• .  •  • 

•  •  •  • 

rf 

Case  II. 


May  29tli 
June  18th 

25th 
July    2d 
9th 

15th 
Aug.   4th 

17th 


8.000.000  80 
4.898,(N)0  48 
4.740.000;  49 
4.730.000  47 
5.884.000  57 
5.667.000  65 
6.487.000  71 
6.040.000J  71 


0.45 

0.5 

56.5 

48.0 

•  •   •   • 

7.44   n 

0.56 

2.5 

51.5 

44.5 

1.5 

7.64 

0.61 

1.0 

49.0 

47.5 

2.0 

7.67 

7.68 

0.59 

2.0 

48.5 

48.5 

1.0 
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BIBLIOGRAPHY. 


It  has  seemed  to  me  best  to  give  a  list  only  of  the  books  and 
articles  which  I  have  found  most  useful,  since  the  general  bibliog- 
raphy of  the  subject  is  now  large  enough  to  form  a  volume  by  it- 
self. Most  of  the  larger  works  here  described  contain  extensive 
bibliographies— especially  that  by  Ewing. 

Text-Books. 

1.  Ewing:  "Clinical  Pathology  of  tlie  Blood,"  Philadelphia,  1901,  8vo, 
482  pages  (Lea  Bros. ).  This  is  the  newest  book  on  the  blood  and  the  fullest 
discussion  of  the  theoretical  points  connected  with  diseases  of  the  blood.  The 
bibliography  and  resume  of  the  work  of  other  observers  contained  in  each 
section  are  admirable.  The  original  observations  of  the  writer  are  contained 
diiefly  in  the  chapters  on  malaria  and  diphtheria.  The  tone  of  the  l)ook  is  ad- 
mirably sane  and  judicial  throughout.     The  illustrations  an;  p(K)r. 

2.  Ehrlich,  Lazarus.  Pinkus,  and  v.  Nooi-den  in  vol.  viii.  of  Nothnagel's 
**Specielle  Pathologie  und  Therapie,"  issued  between  1898  and  1901  (Wien, 
Holder  «k  Co.)  have  written  a  series  of  articles  on  anaemia,  leuktemia,  and 
chlorosis,  which  together  amount  to  many  pages  8vo.  The  clinical  aspects 
and  therapeutics  of  the  diseases  are  included.  The  htematology  of  the  b<x)k  is 
on  the  whole  inferior  to  Ewing's,  although  parts  of  it,  especially  v.  Noorden's 
study  of  chlorosis,  are  masterly.  The  articles  on  aniemia  are  inter€»sting  as 
they  c(mtain  Ehrlich 's  latest  utterances.  The  work  is  out  of  date  in  some  re- 
8p<»ct«  owing  to  its  eharacterislically  Teutonic  ignorance  of  important  work 
done  in  England  and  America,  but  it  is  undoubtedly  the  standard  German 
work  on  the  subject. 

3.  Hayem:  **  Du  Sang."  Paris,  1889,  8vo,  1035  pages  (French).  This  val- 
uable b<K)k  is  the  largest  that  I  know  of  on  the  subject,  and  contains  a  mine  of 
information  on  the  morphology  of  the  blood  in  health  and  disease,  mostly 
from  the  author's  own  experience,  literature  being  but  little  referred  to.  It 
contains  a  comparative  anatomy  of  the  blood  and  a  long  account  of  blood  de- 
velopment. Unfortunately,  it  is  dominated  throughout  by  a  theory  of  blood 
formation  which  has  never  gained  acceptance  by  any  other  authority.  It  is 
very  full  on  the  subject  of  fibrin  formation  and  of  chlorosis.  The  illustrations 
are  excellent.  In  a  later  work,  **  Lemons  sur  les  Maladies  du  Sang,"  Paris, 
1900,  8vo,  7(X)  pages  (Masson  et  Cie.),  Hayem  has  brought  his  previous  book 
in  a  measure  up  to  date,  but  the  "  ljQi;onn  "  are  very  diffuse  and  wordy  and 


488  BIBLIOGRAPHY. 

contain  but  a  small  fraction  of  the  original  work  for  which  Hayem's  first  l>o<»k 
was  so  notable. 

4.  V.  Limbeck:  ** Orundrisa  ein.  klin.  Pathologic  des  Blutes,"  Jena,  1h««. 
8vo,  388  pages  (Fischer).  The  second  editi(m  of  this  book,  which  appwin-ii 
in  February,  1896.  is  more  than  twice  the  size  of  the  first  edition  (18^*2) — a 
fact  illustrating  the  rapidity  of  the  subject's  growth.  It  is  on  the  whole  tlw 
best  general  text-book  known  to  me,  l>eing  equally  full  on  all  parts  of  th«* 
subject,  including,  for  example,  technique  (which  Grawitz  omits)  ami  of  the 
chemistry  of  the  bl(MHl,  which  is  at  present  the  author's  special  interest  and  on 
which  llayem  is  meagre.  The  illustrations  are  poor  and  the  ty|>e  is  tryiiiif  to 
the  eyes.  The  writer  shows  little  personal  experience  with  the  morph<dogy 
and  micro-chemistry  of  the  bloml.  and  this  is  the  weak(^t  side  of  the  iMHik.  A 
large  part  of  the  lMK)k  is  concerned  with  the  physiology  of  the  bkHKl. 

5.  Gi-awitz:  **  Klinische  Pathologic  (U»s  lilutes.''  Berlin,  1895.  8v<».  833 
pages  (Enslin).  IssucmI  in  April,  1896.  This  lMK)k  is  largely  devoteti  to  the 
matter  indicated  by  the  title  and  contains  no  account  of  bl(NKl  ttH'hnique.  an<l 
only  thirty  pages  on  the  normal  anatomy  and  physiology  of  the  blood,  while 
two  hundnnl  and  seventy  concern  the  bl<KKl  in  disease*.  The  arrangement  of 
the  book  is  very  clear  and  helpful.  The  author's  main  inten*sts  are  in  the 
<*stimation  of  the  diitHl  rt»sidue  of  the  blcxKl  in  varioiis  dis(*ase<t  conditions  and 
in  the  Iwcteriology  of  the  bl(M)d,  so  that  the  l)<H>k  is  s|XM*ially  full  on  these 
topics.     The  illustrations  an*  p(M)r.     Type  and  paper  aix*  excellent. 

6.  Coles:  "The  Blood:  How  to  Examine  It."  etc.,  London,  1898 (J.  and  A. 
Chun'hill),  8vo,  A  clear  and  fairly  complete  account  of  the  work  of  otluTS 
upon  tlie  subject.     Kspe<*ially  full  on  technique. 

These  'div  the  lH\st  text-lnioks  known  to  me  on  the  whole  subject. 
Taylor's  niiisterly  luonograph,  entitli'd  "  Studies  in  Leukaemia  ''  an<l 
forming  parted'  the  volume  of  **  ( 'ontrilnitions  from  the  William 
Pepper  Laboratory  of  Clinic^al  Medicine"  (Philadelphia,  HMMh, 
contains  within  its  one  hundi-ed  and  seventy -eight  quarto  i)aj^'s  not 
merely  an  unrivalled  account  of  leukccmia  but  a  gi-eat  deal  of  im- 
portant niatt*»r  on  lencocytosis,  anjemia,  and  most  other  hiemato- 
logi<'al  to]ucs.  It  is  by  far  the  best  study  of  leukieniia  known  to 
me  in  any  language. 

Treatises  on  Special  Portions  of  the  Subject. 

1.  Heinert's"  Die  Zflhlungdi-r  BlutkOriM-rchen.*'  Leipzig,  islM  (Vngrh.  'i-W 
pages,  is  an  admirable  account  of  the  avoidable  and  unavoidable  ern>rs  in 
bliHxi  examination,  and  the  iH'st  meth(His  of  reducing  error  to  a  minimum.  A 
number  of  caroful  examinations  of  the  blmM]  in  health  and  in  vario\is  dist^ases 
are  also  given;  and  an  ontlin<*  of  the  s<ope  of  l)lood  dia«rnosiK  clos<-s  \]\v  b«»<»k. 

2.  Turk's  mono<;niph  on  the  "Condition  of  the  BUmmI  in  Aeute  Infiitious 
I)is<'ase"  is  an  a<lnurable  resume  of  (ternian  and  Fn'n<*h  lit<'niture  mi  the  sub- 
ject, together  with  a  di-tailed  sttidy  of  fifty-two  cases.  Publishiti  at  Wi«'u 
ami  licip/ig.  IMO'^  iBniumnller).  :UT  pages.  Svo. 
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3.  Rieclcr's  "Beitrfige  zur  Kenntniss  der  Leukocytosis,"  Ijcipzig.  1892 
<Vogel),  220  pages,  is  an  admirable  work  in  all  it^spects,  although  now  consid- 
erably out  of  date.  It  shows,  as  ver>'  few  of  the  foregoing  trcatises  do,  a 
practical  acquaintance,  on  the  author's  part,  with  the  details  of  blocnl  mor- 
phology and  microchemistry.  A  very  large  number  of  blood  count*  in  many 
diseases  are  recortleil. 

4.  LOwitt's  **  Studien  zur  Physiol,  und  Pathol,  des  Blut(»8  u.  der  Lymphe  " 
(Jena,  1892  [Fisher],  8vo.  188  pages)  is  mostly  concerned  with  experiments  on 
animals  and  intended  to  throw  light  on  the  theory  of  leucwytosis.  The  con- 
clusions of  the  book  have  not  been  generally  adopted,  though  its  facts  have 
been  mostly  verified. 

5.  Thayer  and  Hewetson's  book,  on  the  "Malarial  Fevers  of  Baltimore," 
leaves  nothing  more  to  be  desired  in  that  direction.  It  is  two  hundred  and 
fifti'en  pa^es  long,  published  by  the  Johns  Hopkins  press  of  Baltimore  in  1895. 
It  contains  a  siunniary  of  tlie  literature  of  the  subject,  an  analysis  of  six  hun- 
dred and  sixteen  new  cases,  and  some  admirable  colored  plates.  It  is  a  nuKlel 
of  its  kind  in  every  respect,  and  an  ideal  for  others  to  aim  for.  Essentially 
the  same  material  is  reorganized  in  Thayer's  "  Lectures  on  the  Malarial  Fevers," 
New  York.  1899,  Appleton. 

6.  Ehrlich's  "  Fa rln^nanaly tische  Untersuchungen"  (Berlin,  1891  [Hirsch- 
wald],  1H7  pages)  contains  nine  short  essays  by  Ehrlich  and  three  by  his  pu- 
pils. Considering  the  reputation  of  the  writer  they  are  at  the  present  day 
rather  disappointing  nwling,  and  contain  little  that  is  not  l)etter  expressed 
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diagnostic  value  of  blood  in,  252 

felon,  251 

gum  boil.  251 

of  liver,  315 

of  lung,  251 

of  neck,  261 

of  ovary,  251 

of  parotid.  251 

of  vulva,  251 

perinephritic,  251 

psoas,  251 

subpectoral.  251 

subphrenic,  251 

vaginal.  251 
Actinomycosis.  256 
Acute  yellow  atrophy  of  liver,  811 
Addison's  disease,  3*54 
Adenitis,  176 
Alcoholism,  366 
Alkalinity  of  1)1o<kI.  49 
Altitude,  effects  on  blood,  78 
Am(elK)id  movements,  53 
Antemia.  80 

aplastic,  152 

infantum  pseudoleuko^mica,  450 

of  infancy,  447 

pernicious,  131 

primary,  81 

secondary  or  symptomatic,  88 

splenic,  185 

tropical,  81 

with  dilated  stomach,  300 

with  ulcer  of  stomach,  293 
Aneurism,  326 
Antitoxin  (diphtheria),  210 
Appendicitis,  240 

diagnosis  of,  246 

flbrin  in,  243 

Bacteriology  of  the  blood,  47 

in  pneuuKmia.  189 
Bastnlow's  disease*,  358 
Beriberi,  257 
Blee<lers,  8 

BhKMi  destruction.  858 
Bronchitis,  205,  83* 

acute,  338 


Bronchitis,  chronic,  339 
Brownian  movement,  11,  85 
Bubonic  plague.  255,  467 
Burns,  influence  on  blood,  861 

Caisson  disease,  346 
Cancer,  370 

eosinophiles  in,  892 

generalized,  390 

leucocytes  in,  377 

myelocytes  in,  392 

nudeati^i  red  cells  in.  876 

of  abdominal  organs,  887 

of  breast,  379,  390 

of  gullet,  384 

of  intestine,  386 

of  kidney,  388,  390 

of  lip,  390 

of  liver,  385 

of  mediastininn,  390 

of  neck.  390 

of  omentum.  387 

of  ovary,  390 

of  pancreas,  390 

of  prostata*.  390 

of  skull.  390 

of  stomach,  380 

of  stomach,  digestion  leucocyto- 
sis  in.  382 

of  uterus.  389 

of  vertebne,  390 

position  of  tumor  and  its  influ- 
en(U'.  377 

(lualltativc  changes  in  blood,  375 

qualitative    changes    in    leuco- 
cytes, 391 

regeneration  of  blood  in,  374 
Cathartics,  influence  on  blood,  801 
Charcot-Leyden  crj'stals,  170 
Chlorosis,  153 

bloo(l  platt*8  in,  158 

deformities  in,  156 

diagnosis  of,  159 

eosinophiles  in,  158 

lymphocytes  in,  158 

myelcKTtes  in,  158 

neutrophiles  in,  158 

red  cells  in,  154 
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Chlorosis,  specific  gravity.  157 

volume  of  blood  in,  153 

white  cells  in,  157 
Cholaemia.  312 
Oholanijitis,  314 
Cholecystitis.  205.  314 
Cholera.  226 

acidity  of  blooii  in,  226 

serum  reaction  in,  466 
Choreji.  346 
Cirriiosis  of  liver.  307 
Coagulation  in  jaundice.  48 

in  pernicious  aniemia,  49 

in  purpura.  4H 

of  bIwKl,  65.  69 
Concentration  of  bloml.  75 
C(mjunctiviti.s.  205 
('on.stitutional  diseas(*s.  349 
Convulsions,  elTwt  of.  346 
Corpus<*les.  biconcavity.  52 

CHMiation.  52 

nunilNT  of,  56-59 

red,  elTects  of  fatigue  on,  58 

resistance,  49.  51 

white,  53 
Countinj^  corpuscles.  12-27 

corpuscles  (difTerential),  46 
Cretinism.  353 
Cyanosis,  190 
Cystitis.  205 

Deoexekation  of  cf)rpuscles,  52, 191 

DialH'tes,  :M9 

DiarrlKca,  9 

Dii^cstion  leucocvtosis  in  cancer.  382 

Diiresiivc  ()r«^aiis.  distuises  of,  292 

Diphtheria. '^t(» 

I)isiril)ution  (»f  bhuMl.  72 

Dunham's  ha'UKH'Vtometer.  23 

DiKHh'ual  ulcer,  297 

Dys<*ntery.  2(M» 

Dyspepsia.  29S 

E(IIIN<K<K'(  IS  cvst.  311 
Klectric  shock.  360 
Electricity.  <'tTe<'t  on  bUxnl.  50 
Kmphysema,  340 
Kmpvema,  202 
Knd(Har(litis.  316 
End<»«;lobular  chanires.  H4 
E<)sinophiles,  65.  1S4.  103,  206 
Eosinnphilia  aft<*r  tub«Tculin.  274 

comprn.satory.  117 

diagnostic  value  of.  lis 

in   acute  and   chronic   skin   dis- 
eas<*s.  115 

in  ankylos!(Mniusis.  116.  428.  432 

in  asthma.  34o 

innuicer.  110.  302 

in  tibrinous  pneumonia.  lir> 


Eosinophilia  in  ha'nmtoma,  117 

in  helminthia.«(is.  116 

in  purpura,  117 

in  scarlatina.  216 

in  trichinosis,  116.  435 

medicinal,  117 

physioloirical.  115 

post -febrile,  116 
Epidemic  dropsy,  256 
Erysipelas.  227 ' 
Erythema  ncHlosum.  209 

F.+:c.vi.  impaction.  247 
Fever,  influence  of.  188.  IW 
Fibrin.  54.  121.  198 
Filariasis.  417 
Furunculosis,  204 

G.\LL-sToxE  colic,  247 

Gall  stones.  312 

Gastric  ulcer,  293-297 

Gastritis,  acute  and  chronic,  298,  299 

cornisive,  301 

digestion  leucocytosis  in,  800 

in  infancy.  449 

with  hyperaciditv,  800 
General  paralvsis.  lUo 
Glanders.  255* 
Gcmorrlwea,  25J^ 
Gout,  351 

Gowers'  solution.  18 
Graves'  (lisease.  353 
Grippe.  229 
Gununa  of  liver.  315 

ILem.\t<khit.  31 
Ila'UKwvtolvsis  360 
Ibemoirlobin.  32.  120 
Ha'moglobinu'mia.  360 
IIa*m()globinometers,  32-37 
Haemophilia.  359 
llavem's  solution.  27 
Heart,  conirenital  dis<*as<*  of.  :{23 

dis<'asesof.  3l6-32:t 
Heal  exhaustion.  3<W 
Hemorrhasie.  12:V202 

bl<MHl  deg<'ii»TOi<m  after,  123 

chronic.  127 
H<Hlirkin'sdis4«p-.  l79.  453 
Hydnemia.  93     '^^  " 
Hydronephrosis.  1  «6 
HyiMK'hondriasis.  347 
Hysteria.  JM7 

IxF.vNcv.  ana'unas  of.  447 
bloini  in.  445-456 
chlorosis  in.  448 
hereditary  syphilis  in.  449 
leuciK-ytosis  in.  445 
leuka'inia  in.  456 
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Infancy,  lymphocytosis  in,  445 

polycythatniia  in,  445 

rickets  in,  449 
Influenza,  209 

Intx'stinal  parasites.  426,  440 
Intestine,  disease  of,  801 

obstruction  of,  304 
Io<iopliilia.  289 
Isotonic  coeflicient,  50 

Jaitndick,  catarrhal,  804 

coagulation  in,  805 
Justus  redaction  in  syphilis.  288 

KiDNKYs,  diseases  of,  247.  827-887 
pyonephrosis,  887 
unemia,  884 

Lkprohy.  291 
Ijcucwytes,  58 

degenerated,  70 

eosinophilic  (see  Eosinophiles),  64 

in  abscess,  289 

in  smallpox,  219 

iodine  n^acticm  in,  289 

mononuclear  neutniphilic,  65,  68, 
70 

normal  percentiiges  of,  67 

origin  of,  67 

polymorphonuclear,  65 

"stimulaticm  forms,"  71 

transit i<mal  neutrophiles,  71 
LeuctK-ytosis,  absence  of .  Ill 

after    exercise,     massage,     and 
baths.  100 

cell  changes  in,  96,  110 

detinition.  94 

diagnostic  value  of,  98 

digestive,  97 

experimental.  109 

inflammatory.  104 

in  malignant  disease,  108 

in  new-born  infants,  99 

in  pneumonia,  191 

in  pregnancy,  100 

in  shock.  1(16 

pathological,  104 

physiological,  95 

post -hemorrhagic,  104 

postpartum,  UK) 

terminal,  108 

therapeutic,  109,  178,  192 

toxic,  107 
Leucopenia,  112.  185 
Leukamia.  160-185 

remissions  in,  170 
Lipaniia,  122 
Lymplnemia,  170 
Lymphatic  leukiemia.  170 
Lymph<x;ytes,  62 


Lymphocytosis,  118 

in  hereditary  syphilis,  118 

in  infancy,  118 

in  pertussis,  118 

in  splenic  tumors,  114 

in  thyroid  ism,  114 

Maciukytks,  88,  155 

Malaria,  176.  288,  404-416 
parasites  of,  404 
pigmented  parasites,  405 
segmenting  parasites,  405 
typhoid,  208 

Malta  fever.  255,  466 

Mast  cells.  66.  169 

Megaloblast.s,  88,  162,  190 

Melana>mia.  122 

Meningitis.  209,  266-268.  283 
tulH'n'ulous,  282 

Mental  diseases,  848 

Microblasis,  90 

MicnK'vt<»s,  88 

Mtllier's  blo<Ml  dust,  60 

Mvelocvtes,   68,    118,  165,  194,  847, 
892.  899.  450 

Myeloid  leukjemia,  161,  177 

Myxd'dema.  851 

Nechobiosis  of  red  cells,  88 

Nephritis.  827 

Nervous  system,  diseases  of.  848-845- 

Neuralgia,'  246 

Neurasthenia,  847 

Neuritis.  848 

Newtcm's  rings.  15 

Normoblasts.  87,  162,  190 

Nucleated  red  (rells,  190,  876,  481 

Obesity.  849 

Oliver's  instruments.  28,  27,  85 

Osti'onmlacia.  855 

Osteomyelitis.  251 

Otitis  mtHlia,  205 

Paxckeas.  diseases  of,  815 
Pamsites,  filarial.  417 

intestinal.  426 

malarial,  402 

of  th"  blo<Hl,  402.  426 
Pan)titis.  205 
Pericanlitis.  205.  265,  285 

tulHTculous,  285 
Periostitis,  205 
Peritonitis.  264 

tulMTculous.  280 
Pernicious  amemia,  181 

amienu'a,  diagnosis  of,  146 

amemia,     gr()ss    appearance    of 
bhxMl,  Idl 

anosmia,  haemoglobin  in.  186 
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Pernicious  aDsemia  in  infancy.  452 

anaemia,  nucleated  red  cells  in, 
189 

anaemia,  prognosis  in,  149 

anaemia,  red  cells  in.  182.  187 

aniemia,  remissions  in,  144 

anaemia,  white  cells  in.  185,  142 

malaria  (see  Malaria) 
Phosphorus  poisoning.  811 
Phthisis.  271.  278 
Pipettes,  uw  and  care  of,  18 
Platelets.  58,  198 
Plethora.  74 
Pleurisy,  purulent.  262 

senius.  204.  259 

tulK'R'ulous.  2H5 
Piumbism.  867 
PneumonU,  176,  189,  204 

iMU'teriologv  of  bl(Kxl,  187 

broncho-,  197.  205 
Poikilwytosis.  88 
Poisoning,  by  ammonia.  865 

by  antipyretics.  861.  868 

by  arsenic,  iW6 

by  carbolic  aciii.  866 

by  carlxmic  oxide,  79.  868 

by  ether.  865 

by  illuminating  gas.  868 

by  Imd.  867 

bV  opium,  860 

by  pliosphorus,  311.  368 

by  potassium  chlomte,  861 

by  ptoniaiiis.  365 

by  pyrogallic  arid,  368 

by  snake  venom,  361 

by  tansy,  365 

efr<Hts  on  blcKHl,  863 
Polychroiuatophilia.  86 
Polycythanda,  72-74 
Pregnancy,  247 
Purpura,  358 
Pus  tube,  248 

Kkcjknkkatiox  of  bUxMl.  124 
Relapsing  fever,  257.  422 
HlHMunatism,  221-226 
Uickets.  856.  449 
Rouleaux  formation.  51 

Sarcoma   394-391* 
Scarlatina.  215 
Scurvy.  359 
S<'pticiemia.  23(^-237 


Serous  membranes,  diseases  of.  259* 
264 

Serum  diagnosis.  458 

diagnmis  of  bubonic  plague.  467 
diagnosis  of  cholera,  466 
diagnosis  of  Malta  fever,  466 
diagnosis  of  typhoid.  45H 

Skin,  disease's  of.  442 

Slides,  preparation  of,  9,  41 

Smallpox.  217 

Snake  poison.  861 

Solids  of  the  blocnl.  50 

Sp<»ciflc  gmvity  of  blood.  89. 190.  198 

Splenectomy.  184 

Splenic  anaemia,  185 
extract.  178 

myeloid   leukaemia  (see  Ix*uk«- 
mia) 

Staining  blood  Alms.  48.  64.  61 

Sunstroke,  21 

Syphilis.  286-290.  449 

TKTAxrs,  257 

Tetany,  846 

Thoma-Zeiss*  fnstrumentA,  18.  15 

Thrombosis.  204 

Thyroid  extract,  effects  of.  351 

Tofsson's  solution.  18 

Tonsillitis,  228 

To.xicity  of  blcHMl.  190.  200 

Trichinosis.  209.  434 

Tuberculosis.  269-286.  449 

acute  miliary,  277 

fibrin  in.  270 

glandular.  285 

leucocytes  in.  271 

of  l)one.  275 

of  meninges.  282 

of  pericardium.  2H5 

of  perit<meum.  280 
Typhoid  fever,  197-207 

fever,  senun  reaction  in,  458 

Ukkthhitis.  205 
Uric  acid  in  blcHnl.  351 

Vacci.ma.  220 
Varicella.  221 
Variola.  219 

Yki.low  fever.  258 

Zappkrt's  counting  diamber.  16 
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